i 
I 



(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property Organization 

International Bureau 

(43) International Publication Date 
18 December 2003 (18.12.2003) 




(10) International Publication Number 

PCX wo 03/103608 A2 



(51) Intematiooat Patent Classification^: A61K 

(21) latemational Application Number: PC17US03/18645 

(22) lateniational Filing Date: 1 1 June 2003 (1 1.06.2003) 

(25) Filing Language: English 

(26) Publication Language: English 

(30) Priority Data: 

60/388.058 1 1 June 2002 ( 1 1 .06.2002) US 

60/458. 145 26 March 2003 (26.03.2003) US 

(71) Applicant (for ail designated States except US): THE 
BURNHAM INSTITUTE [US/USJ; 10901 North Torrey 
Pines Road, U Jolla, CA 92037 (US). 

(72) Inventors; and 

(75) Inventors/Applicants (jTor US on/v;:DIGiCAYLIOGLU, 

! Murat IDli/USJ; 5532 Renaissance Avenue, Unil 3, San 

! Diego, CA 92122 (US). LIPTON, Stuart, A. [USAJSJ; 

1 P.O. Box 9018, Rancho Santa Fe. CA 92067^18 (US). 

I (74) Agent: GASHLER, Andrea, L.; McDERMOTT, WILL 
& EMERY, 4370 La Jolla Village Drive, Seventh Floor, San 
Diego. CA 92122 (US). 



(81) Designated States (national): AE, AG, AL, AM, AT, AU, 
AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR,' Cu! 
CZ. DE. DK, DM, DZ, EC, EE, ES, FI. GB, GD. GE, GH, 
GM, HR, HU, ID, IL, IN, IS, JP, KE, KG, KP. KR, KZ, Lc! 
LK, LR, LS, LT, LU, LV, MA, MD, MG, MK. MN, MW, 
MX, MZ, Nl. NO. NZ, OM, PH, PL, PT, RO, RU, SC, SD 
SE, SG, SK, SL, TJ, TM, TN, TR, TT, TZ, UA, UG, US 
UZ, VC, VN, YU. ZA, ZM, ZW. 

(W) Designated States (regional): ARIPO patent (GH, GM, 
KE. LS, MW. MZ, SD. SL, SZ, TZ, UG. ZM, ZW), 
Eurasian patent (AM, AZ, BY, KG, KZ, MD. RU, TJ, TM), 
European patent (AT, BE, BG, CH, CY, CZ, DE, DK. EE, 
ES, FI, FR, GB. GR, HU, IE, IT. LU, MC, NL, PT, RO, 
SE. SI, SK, TR), OAPI patent (BF, BJ, CF, CG, CI, Cm] 
GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG). 

Published: 

— without international search report and to be republished 
upon receipt of that report 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations " appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



= NEUROPROTECnVE SYNERGY OF ERYTHROPOIETIN AND INSUI.IN-LIKE GROWTH FACTOR 



< 

00 



o 
O 




EPO 
IGF 



□Oh preincubation 
■ 3hpreincuba6on 



+ + 



♦ + 



(57) Abstract: The present invention provides 
a method of providing acute neuroprotection 
by inducing the erythropoietin (EPO) signaling 
pathway in neuronal cells close to or subsequent 
to the time of excitatory insult; and inducing an 
insulin-like growth factor (IGF) signaling pathway 
in the neuronal cells close to or subsequent to 
the time of excitatory insult, thereby producing 
a synergistic acute neuropotective effect in the 
neuronal cells. The invention also provides a 
method of preventing or reducing the severity of a 
neurologic condition in a subject by administering 
to the subject EPO or an active fragment or 
analog thereof at a does of at most 200 U/kg; and 
administering to the subject an IGF or an active 
fragment or analog thereof, thereby providing 
of the neurologic condition. Such a method can 
be used to prevent or reduce the severity of, for 
example, Alzheimer s disease, Paricinson's disease, 
Huntington's disease, epilepsy, amyotrophic 
lateral sclerosis, multiple sclerosis, a movement 
disorder, HIV-associated dementia, HIV-associated 



neuropathy, neuropathicpain, migraine, glaucoma, drug addition, drug withdrawal, drog dependency, depression or anxiety. 
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NBDROPROTECTIVE STtllERGY OP ERYTHKOPOXETIN AND 
INSDLIN-LIKE GROWTH FACTOR 

This application was made with government 
support under POl HD29587, ROl NS43242 and NS4324? 
■ 5 awarded by the 'National Institute of Health. The 
•govemmeiit has certain rights in the invention. 

FIELD OP THE INVKNTION 

The invention relates to the prevention and 
treatment of acute and chronic . neurodegenerative 
10. conditions, and to erythropoietin and insulin-like growth 
factors and analogs of these factors. 

BACKGRQTIND TMPOPHra'PTr^T 

For a variety of' serious neurodegenerative 
diseases, there exist no ef feet ive . therapies or cures 
15 For example, Parkinson's disease is a progressive and ^ 
. ultxmately fatal neurodegenerative disorder characterized 
by loss of the pigmented dopaminergic neurons of the 
substantia nigra. The. symptoms of Parkinson's disease 
often can be managed initially by administration of - 
L-DOPA, the immediate precursor of dopamine. However 
reduced efficacy of L-DOPA treatment typically occurs' 
over time. Programmed cell death (apoptosis) has been 
implicated in this neurodegenerative disorder. 

In Alzheimer's disease, the most common 
25 neurodegenerative disease and most frequent cause of 
. dementia, progressive failure of memory and degeneration 
of temporal and parietal association -cortex result in 
speech impairment and loss of coordination, and, in some 
cases, emotional disturbance. Alzheimer's disease 



20 
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generally progresses over many years, with patients 
gradually -becozning immobile, emaciated and susceptible t< 
pneumonia. 

Neuroprotective therapy" has been sought for a 
variety of acute and chronic neurological conditions' 
including stroke, Parkinson's disease, Alzheimer's 

Huntington's disease, amyotrophic lateral • 
sclerosis,, multiple sclerosis, epilepsy and pain. " 
Present therapies are relatively ineffective or are 
10 accompanied by unwanted side effects. m particular 
erythropoietin (£PO) can be neuroprotective when •' 
administered in high doses; however, such doses also 
promote the formation of new red blood cells 
consequently causing side effects such as -sludging- of 
15 the blood and leading to increased risk of stroke. "Thus 
there is a need for novel methods of using erythropoietin 
. to achxeve neuroprotection, that do not rely on ■ 
excessively high doses of the factor. The present 
. xnvent ion. satisfies this need and provides related 
20 advantages as well. 

The present invention provides a method of 
providing acute neuroprotection by inducing the 
erythropoietin (EPO) pathway in neuronal cells close to 
25 or subsequent to the time of excitatory insult; and 

xnducing an insulin- like growth factor (IGF) pathway in ' 
the neuronal cells close to or subsequent to the time of 
excxtatory insult, thereby producing a synergistic acute 
neuroprotective effect in the neuronal cells! 

, . ^""""'^^ ^""^-"^i^- f^-ther provides a method 

Of providing acute neuroprotection by contacting neuronal 
cells wxth EPO or an active fragment or analog thereof 
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close to or subsequent to the time of excitatory insult- 
and contacting the neuronal cells with an IGF or an 
.active fragment or analog thereof close to or subsequent 
to the time of eoccitatpry insult, thereby producing a 
5 synergistic acute neuroprotective effect in the neuronal 
cells. 

Many forms of erythro]^ietin, as well as active 
fragments and analogs thereof, can be useful in the 
methods of the invention, m one embodiment, neuronal 
10 cells are contacted with EPO or an active fragment 
. thereof, for example, with human EPO or an active 

fragment, thereof. m another embodiment; neuronal cells 
are contacted with an EPO analog, which can be, without 
limitation, a peptide, peptidomimetic, small molecule or ' 
15 nucleic acid EPO analog. In further embodiments, the 
invention is practiced with an EPO analog that includes 
the amino acid sequence GGTYSCHFGPLTWVCKPQGG (SEQ ID 
NO: 7) ; GGDYHCRMGPtTWVCKPLGG (SEQ ID NO: 8) • 
■GGVYACRMGPIIWCSPLGG (SEQ ID NO: 9); VGNYMOIF^PITWVCRPGGG 
20 (SEQ ID NO: 10) ; GGLYLCRFGPVTWDCGYKGG (SEQ ID NO:" 11) ; or 
GGCRIGPITWVCGG (SEQ ID NO: 12) . 

In another embodiment, the invention is 
practiced with EPO;-- or an active fragment or analog 
thereof, which has at least 10-fold higher affinity for 

25 the EPO Receptor than native human EPO. m another 
embodiment, the invention is practiced with EPO or an 
active fragment or analog thereof which is oligomeric " ' 
for example, dimeric. As an example,^ such a dimeric form 
of EPO can be a dimer in which each monomer contains the 

30 amino acid sequence CSGTYSCTfgeliwckpqgg (SEQ ID NO: 7) . 

In a further embodiment, the invention is 
practiced with EPO or an active fragment or analog 
thereof that has a half-life greater than the half-life 
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Of native human EPO. In an additional e,,ax«ii„ent. th, 
.nve„t.o„ i. practiced with EPO or an active fr.g^nt or 
analo. thereo. that is h.par-.l,cos.lated compare" ll " 
nat.v. hu^an EPO. m yet a further e„*odi.ent, the 
invention is practiced by contacting, neuronal cells with 

Darbepoietln. x„ any en^odiment of the invention, 
. soluble EPO receptor can be optionally included, for 

example, to prolong the half -life of EPO or active 

fragment or analog thereof. 

■ " , , " °^ fo""^ of IGF and active fragments 

^d analogs thereof also are useful in the inventi!! n 
on. embodiment, the invention is practiced by contacting 
neuronal cells „ith an XOP or an active fraglnt Zl2 
for example, roP-I or an active fragment thereof. m L ' 

.IS addrt.onal aliment, the invention is practiced ^ 
contacting neuronal cells with human IGP-I or an active 
fragment thereof, m further e^odiments. the invention 
as practiced with an IGP analog such as a peptide 

20 ZTT°^''^- ^'^'""^ analog 

small molecule and nucleic acid IGF-i analogs. 

m another embodiment, the invention is 
practiced with an IGF or active fragment or analog 

25 the XGF-I receptor than native human IGF-I. i„ ■ 
embodiment, the invention is practiced with an lOF oT ' 
active fragment or analog thereof which has an altered - ■ 
affinity for an IGF-binding protein (IBP) . m yet a 

ha f-Ufe greater than the half-life of native human 
IGF-I. In the methods of the invention, the two 

fu«tr""' T"^ ^ ^ "^■^'""-^ « and 

further can be performed simultaneously or in any order 
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Also provided herein is a method of preventing 
or reducing the severity, of an acute neurologic condition 
xn a subject by administering to the subject EPO or an 
active fragment or analog thereof close to or subsequent 
5 to the time of acute injury; and administering to the 
subject. an IGF or an active fragment or analog thereof 
close to or subsequent to the time of acute injury 
thereby providing a synergistic acute neuroprotect<[ve 
effect and preventing or reducing the severity of the 
10 acute neurologic condition. Such an acute neurologic 

condition can be, without limitation, stroke, head or ' 
spinal cord trauma, or seizure. 

A method of the invention for preventing or 
reducing the severity of an acute neurologic condition 
15 can be practiced, for .example, with EPO or an active 

fragment thereof, such as human EPO or an active fragment 
thereof: A method of the invention also can be practiced 
wxth an EPO. analog, which can be, without limitation' a 
peptide, peptidomimetic, small molecule or nucleic acid 
20 analog. m particular embodiments, the "invention is 
practiced with an EPO analog containing one of the - 
following amino acid sequences.- GGTYSCHFGPLTWVCKPQGG (SEQ " 
ID NO: 7) ;. GGDYHCRMGPLTWVCKPLGG (SEQ ID NO- 8) • 
GGVYACRMGPI^CSPIGG (SEQ ID NO: 9); VGNYMCHFG^ITWVCRPGGG 
(SEQ ID NO: 10); GGLYLCRFGPVTWDCGYKGG (SEQ ID NO: 11). or 
GGCRIGPITWVCGG (SEQ ID NO: 12). " . ' 

In one embodiment, the invention is practiced ' "" 
with EPO or an active fragment or analog thereof which 
-has at least lO-fold higher affinity for the EPO receptor 
30 than native human EPO. m another embodiment, the 

invention is practiced with EPO or an active fragment or 
analog thereof which is oligomeric, for example, dimeric 
AS an example, a method, of the invention can be practiced 



wo 03/103608 

PCT/US03/18645 

6 

witH . di„..ie fo™ Of EPO „,ich each -^ce. contains 
the a..no ,ac.d sequence 0<^sssms^ ,SEQ I. 

In a further e,nbodiment, the Invention is 
■ S practiced with EPO or an active fragment or analog 

thereof which has a half -life greater than the half -life 
°£ native hu^an EPO. Such a. (onn of EPO can be 

hyper-glycosylated as compared to naH-„» k 

ir, f -^cu t.o native human EPO and 

10 !f ttr."" -^"epoietin. xhe .eth^ 

Of the „.on also optionally include the step of 
. ad^n.ster.ng soluble EPO receptor to, the subject. 

A variety of forms of iGp and active fragments 
ana analogs thereof are useful i„ the invention. Til 
em^iment. the invention is practiced by administ inT 
x= XO. or an act.ve fragment thereof, for example, xop-i L 
- active fragment thereof. ^ ^^^^ « 

the^nvent^on is practiced by administering human xop:" 

20 i!! r - such as a ' 

. Peptxde, peptido„imetic. small molecule or nucleic acid 

analog including, but not limited to » • - 
analogs. to, a variety of igf-i 

for prev J° - -thod of the invention 

. for preventing or reducing the severity of an acute 
« neurological condition is practiced with an loP or active 
. fragment or analog thereof which has at least 10-fold ' - ' 
higher affinity for the X..-. receptor than native "In ' 

wu'an the invention is practiced ^ - 

with an IGF or active fragment or analog thereof which 
30 has an altered affinity for an XGP-bi„di„g protein xl a 
f^er embodiment, the invention is prac^iLd h a^ ■ 
lOP or active fragment or analog thereof which has, a ■ 
half -life greater than the half-life of native human XOP 
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In the methods of the invention, EPO and IGP, or ' active 
fragments .or analogs thereof, can be administered 
simultaneously or in any order and in the same or 
different pharmaceutical compositions. 

5 Also provided by the invention is a method of 

preventing or reducing the severity of a neurologic 
condition in a subject by administering to the subject 
EPO or an active fragment or analog thereof at a dose of 
at most 2000 U/.g; and administering to the subject an 
10- IGP or an active fragment or analog thereof, ther^y 
• providing neuroprotection and preventing or reducing the 
severity of the neurologic condition. The EPO and IGP 
or active fragments or analogs thereof, can be 
administered to the subject simultaneously or in any " 
15 order and in the same or different pharmaceutical 

compositions. A variety of acute and chronic neurologic 
conditions can be treated according to a method of the 
invention including, but not limited to, Alzheimer's 
disease; Parkinson's disease; Huntington's disease; 
20 epilepsy; amyotrophic lateral sclerosis; multiple 

sclerosis; movement, disorders; Hiv-associated dementia; 
HIV-associated neuropathy; retinal degeneration including 
. macular degeneration and light-induced retinal 
degeneration such as photoreceptor degeneration- 
25 neuropathic pain; migraine; glaucoma; drug addiction- 
drug withdrawal; drug dependency; and depression or ' 
anxiety. 

Various forms of EPO and active fragments and 
analogs thereof are useful for preventing or reducing the 
30 severity of a neurologic condition according to a method 
of the invention. As an example, the invention can be 
practiced with EPO or an active fragment thereof such as 
ta««n EPO or an active fragment thereof, a method of the 
-vention also can be practiced with an EPO analog, which ■ 
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can be, without limit;5h-,'^^ * 

= -fences: «^s„™,eKP«» CSBQ ro^ T 
GODYHCRMGPLTOVCKPLGG (SEQ ID HO .> 

(SEQ ID HO: 12) . . ""^ «=CRIGPi™vOGG 

" f ■ ^° ^-bodiment, a method of the inv.„f- 

for preventing or reducing th . ' 

condition is practiced with KPO or an act L T '^'^ 

- -odi^nt, 

-r.e:..ple. »Uh a di ^1^"^;^ TT""' ' 
— r contain, the a.ino acid sl^en^ 

form Of EPO can hTh " """^ ^^'^ Such a 

receptor to the suh^ect ^^ing aolnble EPp . 

A variety of forms of igf ;,n^ . ^ • 
30 and analogs thereof .^ ^^""^ fragments 

^ tnereof also are useful in hh<=> • 

one e^diment. the invention i. p^arice" r"""' 

r^rl^ °r '""^ ^"--^ — - 
P ' ■'''^ I or an active fragment thereof m 

aad.t.onaI e^„e„, ^ ^^J" » 



wo 03/103608 

PCT/US03/18645 

Xn a further ^^^^^^ thereof, 

administering an xcp analo, .ucT aT ^^^^^^^^^ ' 

Peptido^i^etic, 3.aXI .ole^ui: oVl.?^'^''^' 
-eluding, ^.ut no. united to ^J^'^^^-^^^^ ^-^og 
analogs. « to, a variety of igp-i 
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In one embodimpnt- ^. 

condition Is practiced with an ir. ^ "e-rological 

analog thereof .hich has at least l„"/,'"" °^ 
for the IGP-I receptor th " affinity 

.anoe^er e^i^n:; - In 
IGF or active frag„,ent or , P««i«d with an 

■altered affinity f" ^ oH '"^""^ 
further enCbodi^t ""^"""'^"^ P-tein. i„ a . 

or active fra3;ent orTZlTth' 
--Xife .eater than the llf^uroT ^^^^ ^ ^ 

native human IGF. 

The present invention • 
Preventing or reducing the sZrZ jr^"^' ^ "^"^ °' 
=0 neurologic condition in a suhjec t t ' ' 
^ administering to the subject , 

■ analog thereof at a dose of a^ ^ '"^ment or " 

■ sally. ad.a„i«„i°\;\"°" ■ 

a="ve fragment or anal^t^L:; °^ 
acute neuroprotection Z pre^tl '""^'^'^ 
-verity of the neur^logic'c:;: ^ '^""^^^ '"^ 



25 




30 



wo 03/103608 PCT/US03/18645 



10 

1 



10 



ID NO: 1, with nucleotides 263 to 763 of SEq" ID NOi 
encoding mature EPO. (B) The. corresponding amino acid 
sequence (SEQ ID NO: 2) of human EPO. Residues 1 to 27 
make up the signal seqrience, with residues 28 to 193 
constituting mature human EPO. (C) The amino acid 
sequence (SEQ ID NO: 3) of mature human EPO. 

Figure 2 shows the nucleic acid and 
corresponding amino acid sequence of human insulin-like 
growth factor-I (IGF-I) . (a) The nucleotide sequence 
(SEQ ID NO: 4) human IGF-I (Genbank accession X00173 
version X00173.1) . The coding sequence. is shown as ' 
nucleotides 12 to 473 of SEQ ID NO: 4. (B) The 
corresponding amino acid sequence (SEQ ID NO:. 5)' of human 
IGF-I. Residues 1 to 21 make up the. signal sequence; . 
15 residues 22 to 48 constitute a propeptide; residues 49 
to 118 constitute mature IGF-I; and residues 119" to 153 
make up the carboxy-terminal propeptide (domain E) . • 
(C) Mature human IGF-I (SEQ ID NO: 6) is shown 
schematically. - . - 

^° Figure 3 shows that simultaneous 

co-administration of EPO and IGF-I ameliorates neuronal 
apoptosis induced by the excitotoxin N-methyl-o-aspartate 
(NMDA) acting at the NMDA receptor, a glutamate receptor " 
in the brain. Overstimulation of this receptor mediates, 

25 at least in part, a wide range of acute and chronic 

neurologic disorders by permitting excessive Ca^* influx 
and subsequent free radical formation (nitric oxide and 
reactive oxygen species) . Cultured rat cerebrocortical 
cells were incubated with NMDA (200 pM) for 20 minutes, a 

30 paradigm known to induce apoptotic neuronal cell death' 
(Bonfoco et al., MtAS 92:7162-7166 (1995); Budd et al., 
. Bias 97:6161-6166 (2000)). EPO (10 U/ml) , IGF-I 

(100 ng/ml), or 10 a/ml EPO plus 100 ng/ml IGF-I were 
applied three Ixours prior to or concurrent with NMDA 
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exposure. Apoptotic neurons are represented by the 
percentage of MAP2 -positive cells, co-labeled by TDNEL 16 
-hours after NMDA exposure. In this and subsequent 
figures, results are mean ± S.E. (n = 3-5). p < o 05 by 
5 ANOVA. versus NMDA (*) or versus simultaneous addition of 
NMDA and EPO or IGF-I (t) . 

Figure 4 shows that inhibition of PI3 -kinase 
abrogates the ant i- apoptotic effects of combined EPO knd 
IGF- I treatment. Cerebrocortical cultures were exposed 

10 to 10 pM Ly294002 (gray bars) " for 30 minutes prior to " ' 
incubation with EPO/ IGF-I or EPO and IGF-I for three 
hours, at which. time cells were subject to NMDA exposure 
Neuronal apoptosis was assessed 16 hours after NMDA 
exposure by determining the percentage of MAP2 positive 

15 cells that were also TIJNEL positive. *, p < 0.05 or t. p 
< 0.01 by ANOVA yrersus same treatment plus LY294002. 

Figure 5 shows that EPO and IGF-I each signal 
through PI3-kinase. (A) Treatment with EPO induces 
association of the p85 aubunit of PI3-kinase with the 
20 ■ EPO-R. cerebrocortical cells were stimulated with 5 or • 
10 U/ml EPO for ao minutes. EPO-R was i««nunoprecipitated 
from total cell lysates and separated on a SDS- 
polyacrylamide gel. The blot was then probed with anti- 
EPO-R antibody, stripped and reblotted with anti-p85 
25 antibody. (B) Cerebrocortical cells were stimulated 

with EPO (5 U/ml, upper panel) or IGF-I (loo ng/ml. lower 
panel) for the indicated amount of time. . Whole cell ' " 
lysates were run on SDS-polyacrylamide gels; blots were 
probed with anti-phospho-p85 antibody, stripped, and then 
30 reprobed with anti-p85 antibody. 

Figure 6 shows that combined treatment with EPO 
and IGF-I induces Akt phosphorylation. Mixed 
neuronal/glial rat cerebrocortical cultures were treated 
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fo^ 20 ..nutes with ao vm .EPO, 100 ng/,a lop-j, „ ^oth 
EPO XOP-X, „uh or Without si„„lt™ appXicatior 
Of 200 p„ h™,^. cells ati.mlat,d with 100 ug/„l 

. Platel.t -derived growth factor (PDGF) for. 10 ndnutes 

5 served as .a positive control. After three hours, cells ' 
were lysed, and whole-cell lysates subjected to 
.n»unoblot analysis with anti -phospho- Akt a..tibody: the 
blot was stripped and reprobed with an anti-Akt antibody. 

Figure 7 shows that SJct contributes to 
10 neuroprotection mediated by combined treatment with EPO 
andlop-i. cerebrocortical cultures ^ere e:.posed to an 
adenoviral vector encoding a wild-type („t) or ' 
don,inant-negative (dn). form of Akt for four hours, other 
cultures were coinfected with wt and dn AJct in-a molar ' 
-IS ratioof l,lor2a <wt-Akt,dn-«ct,. Thirty- six hours 

later, cells w^re incubated with 10 O/ml' EPO, 100 ng/„l ' 
lOF-I, or both EPO/IGF-I, With or without simultaneous 
application of 200 pM HMDA. After an additional 16 
■ hours, cells staining positive for TOHEL (to identify 
20 apoptotic cells) and MAP2 (to specifically identify ■ 
neurons) were scored as apoptotic neurons. p < o 05 bv 
M.OVA versus EPO/IGP-I plus MMA; ,, p < 0.01 versus 
EPO/lGF-1 plus NMDA with or without Wt-Akt. ' 

25 rr.. ^"^^ ' treatment with EPO 

25. „d IGF-I promotes, long-term neuronal survival downstream 
Of caspase activation. ,a) Survival of neurons in mixed 
neurons -glial cultures after exposure to 200 ^ «™a for' / 
20 minutes (black bars) . EPO/IOF-I treatment (10 a/ml ' 
and lOO „g/ml, respectively) at the time of ™»A exposure 
promoted neuronal survival for up to 48 hours after the 
insult (White bars; p . „.„„. ,3, cerebrocortical 
cultures were exposed to NMDA or epo/igf-i, or 
concurrently exposed to EPO/IGP-I and mmA. Culture 
lysates were subjected to immunoprecipitation with an 
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antibody specifically reactive with the active form of 
caspaser3 .. The immunopreGipitates were separated by 
electrophoresis and transferred to nitrocellulose 
membranes. EPO/IGF-I (with or. without NMDA exposure) led 
5 to an increase in the amount of XIAP associated with 
active caspase-3. (C) Densitometry of XIAP, a protein 
inhibitor of apoptosis, revealed a 2.5 to 3 -fold increase 
in the amount of XIAP bound to active .caspase-3. 
(D) Caspase-3 -like activity is reduced by EPO/IGF-I. Rat 
10 cerebrocortical cells were infected with an adenoviral 

vector encoding dominant -negative Akt (dn-Akt) or control 
vector. After 36 hours, cultures were incubated with EPO 
(10 U/ml)-, IGF-I . (100 ng/ml) -or EPO/IGF-I..- Cells were • 
exposed to 200 yM NMDA three hours after or 
15 simultaneously with EPO/ IGF- 1 incubation. Caspase 

activity in cell lysates was assessed 16 hours after NMDA 
exposure and is shown as relative DEvbase activity 
expressed as percent increase over control levels. 
(E) Neuron-enriched cultures were exposed to NMDA insult 
20 (200 m for 20 minutes) with or without EPO/IGF-I, and • 
■ neuronal survival assessed at the indicated time points. 
Even in the absence of non-neuronal cells, EPO/IGF-I was 
equally effective in promoting long-term neuronal 
- survival after exposure to NMDA. 

. Figure 9 shows that combined treatment with EPO 

and IGF-I can be effective in promoting neuronal survival 
when applied several hours following NMDA exposure. 
Cells were exposed to NMDA as described above and treated 
with 10 U/ml EPO and 100 ng/ml IGF-I three hours or one 
30 hour prior to NMDA exposure, at the time of NMDA 

exposure, or one hour, two hours, three hours or five 
hours subsequent to NMDA exposure. The percentage of 
apoptotic neurons was determined as described above. 
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Fxgure 10 shows that. EPO and IGP-i together are 
more effective >t reducing neuronal apoptosis than when 
used individually. Cells were exposed to 200 m «MDA as • 
described above and simultaneously treated with EPo " " 
5 alone, IGF-I alone, or EPO in combination with IGF-I at 
varyxng concentrations. Incubation 1: 0.5 U/ml EPO and 
. 1 ng/ml IGP-I, alone or in coni^inationT Incubation 2- 
1-0 U/ml EPO and 10 ng/ml IGF-i, alone or in combination 
incubation 3 : 2 . 0 O/ml EPO and 20 ng/ml IGP-l, alone or ' 
10 xn combination. Incubation 4: 5.0 U/ml EPO and 50 ng/ml 
IGF-l, alone or in combination. Incubation 5: lo u/ml ' 
EPO and 20 ng/ml iGP-i, alone or in combination 
Incubation 6: 20 U/ml EPO and 400 ng/ml l^F-l, alone or 
.n combination, ^e percentage of apoptotic neurons was • 
determxned 18 hours following NMDA exposure'as described 
above. incubations 3, 4 and 5 produced results with the 
EPO/IGF combination which were significantly different 
(P < 0.02) from treatment with each cytokine alone. 

DETAILED nKSCRIPTTOT, Tm XI^M^rr^r. 

The present invention is directed to the 
surprising discovery that erythropoietin and insulin-like ' 
growth factor (iGF) together mediate more rapid 
neuroprotection than either factor mediates alone ' 
indicating that combined EPO and IGP treatment ca^ be 
25 useful in providing neuroprotection in acute neurological 
condxtions such as stroke, trauma and seizure The 
invention also is directed to the surprising discovery -' 
that, together, EPO and IGF-i synergize to reduce 
apoptosis in neurons, providing enhanced neuroprotection 
30 at reduced concentrations, indicating that reduced 

concentrations of EPO and IGP-I can be useful in treating 
acute and chronic neurological disorders such as, without 
Ixmxtation, Alzheimer's disease, amyotrophic lateral 
sclerosis (ALS) , Huntington's disease, glaucoma 
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Hiv-associated dementia, multiple sclerosis ParW ■ 
disease, and neuropathic pain. Parkinson's 

As disclosed herein in Example I, the 
5 ^"^^'^ — and ICP-x . 

lOF-I xndxvxdually in rat primary cerebrocortical 
cultures exposed, to nmda, an excitator^, • 7 
apoptosis was ^antified hy .ZTlZl 

.eactivity, which i. i.. J..^:: t^l • 

10 neuron-specific 

vcuiric marker, microtubule asso^i^t-^^ . • 

(MAP2) 16 hours after nmha • . ^^^ociated protein-2 

neurons. Preincubation for thr.« k labeled 

no or x<,P-i a„: " '""^^ ^ 

^^.f u ^ ng/ml) alone significantly 

treat^t of neurons with EPO or lOP-l indiviauaUy at ' 
the txme of NMDA insu3^ r^i^ ■ ^ ■ "^J-xy at 

*«h .,see pi3ureT in ! T -*.c, ceU 

0 -together with^p-, 'LT ^^^"-"o" of ^ 

ibF I at the time of HMDA exposure reveal ./i 
a synergistic effect between the two factl. which 
together reduced neuronal apoptosis fro™ abo:t '.Tto 

•a»«Ht35%. *s .further shown in Figure 9 al l . 
EPO/TPP T «. ^ figure 9, combined 

EPO/IGP-i treatment dramatically reduced apoptosis when 
. applied concurrently with exposure oJlll lLT: 

2 two hours or three hours foUowing^Lr " 

exposure. These results demonstrate that icp-l and KPO 
eynergire to mediate more rapid neuroprotection ttn 
a"her factor mediates in the absence of the othe^ 

*s further disclosed herein in Example „t 
cerebrocortical neurons- were preincubated for three h 
with EPO, IGF-X. or EPO in combination with zopT 
BPO/ICP 1, in the presence or absence of 0 ^^'^.00. 
a specific P13-wnase inhibitor, r.. results shol " ' 
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Figure 4 demonstrate that LY294002 abolished the 
■ neuroprotective effect of EPO and IGF-I either alone or 
xn combination (p < o.05) but did not itself cause 
neuronal apoptosis in cerebrocortical cultures or 
5 increase the amount of apoptosis induced by NMDA 

indicating that PI3-kinase activity is required for EPO- 
and iGP-l-mediated neuroprotection. P^arthertnore ' 
individual treatment with either EPO or iGF-l induced ' 
phosphorylation of the p85 regulatory subunit of 
10 PI3-)cinase in a time -dependent manner; IGP-I incubation 
resulted in maximal phosphorylation of the p85 subunit 
after 10 minutes and EPO-induced phosphorylation was 

..Gxven that phosphorylation of the p85 regulatory subunit 
.3 known to. activate PI3-.inase by leading to release of 
the catalytic subunit, these results indicate that both 
EPO and. IGF-I activate PI3-kinase. 

. T..- ^ disclosed herein in Example III, Epo 

and IGP-x treatment of neuronal cells can cooperativlly 
20 activate Akt kinase, which is a kinase activated 
downstream of PI3-kinase-mediated production of 3' 
Phospholipids. . The Akt kinase is phosphorylated at two- 
. - critical sites, serine-473 and threonine -3 08. As shown 
xn Figure 6A, a three hour incubation with EPO or IGF-I 
25 -alone resulted in moderate Akt activation, as evidenced' " 
by increased phospho^serine-473 Akt, while co-incubation ' 
•with maximally effective concentrations of EPO and IGF-I 
together resulted in a much larger increase in 
.phospho-serine-473 Akt. Furthermore, cerebrocortical 
cultures expressing dominant negative Akt (dn-Akt) and 
xncubated with EK)/IGP-I displayed significantly higher 
levels Of KMDA-induced neuronal apoptosis in comparison 
with uninfected cultures or cultures infected with wild 
type Akt (wt-Akt; p < o.Ol). m sum, these results 
35 indicate that Akt serine-473 phosphorylation is 
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synergistically induced by the combination of EPO and 
IGF- 1 and -that Akt phosphorylation and activation play a 
role in the neuroprotection mediated by combined 
EPd/iGF-I treatment. 

5 The results disclosed in Example VA show that 

treatment with EPO in combination with IGF-I prevents 
NMDA- induced neurotoxicity in cerebrocortical cultures in 
the presence of the active form of caspase-3. In 
particular, this result shows that prolonged survival of 
10 neurons following NMDA exposure and EPO/IGF-I treatment 
indicated that EPO/IGF-I neuroprotection occ.urs, at least 
part, downstream of initial caspase-3 activation. 
- which is typically associated with neuronal apoptosis 

within 16 hours of NMDA insult. Furthermore, as shown in 
15 Fxgure 8A, combined EPO/IGF-I treatment resulted in 
long-term nevironal survival. 

I 

As disclosed herein in Example vc, cultures 
were incubated with EPO, IGF-i and NMDA and, after 
immunoprecipitation of the active form of caspase-3, 
20 immunoprecipitates were probed for the presence of XIAP, 
an anti-apoptotic protein that functions to inhibit 
- caspase-3 activity. Figure 8B shows that active - 
caspase-3 was associated with XIAP in cultured neurons ' 
and that treatment with EPO and IGF-I increased the 
25 relative amount of XIAP associated with active caspase-3 
• consistent with negative regulation of the active form of. 
caspase-3 by association with XIAP. Furthermore, the 
proteolytic activity of caspase-3 was modulated by 
combined EPO/IGF-I treatment. As shown in Figure 8D 
30 NMDA exposure resulted in increased caspase-3 proteolytic ' 
activity as indicated by enhanced DEVD substrate 
cleavage, while simultaneous application or 3 hour 
preincubation with EPO/IGF-I diminished the NMDA-induced 
increase in caspase-3 -like activity. This reduction in 
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caspase-3 activity was partially inhibited by infection 
with a dominant negative Akt in cultures preincubated 
with EPO and IGF-I, demonstrating that Akt can play a 
role in regulating the proteolytic activity of neuronal 
5 caspase-3 (see Figure 8D) . 



Furthermore, as shown in Figure 8E, prolonged 
survival afforded by combined EPO and IGF-I treatment did 
not require non-neuronal cells present in the mixed 
cerebrocortical cultures. Taken together with the 
10 results described above, this experiment demonstrates 
that combined EPO and IGF-I treatment promotes neuronal 
• survival downstream- of caspa^e-3 activation by a signal 
transduction pathway intrinsic to neurons. 

Based on these discoveries, the present 
15 .invention provides a method of providing acute 

neuroprotection by inducing the erythropoietin (EPO) 
pathway in neuronal cells close to or subsequent to the 
time of excitatory insult; and inducing an insulin-like 
growth factor (IGF) pathway in the neuronal cells close 
20 to or subsequent to the time of excitatory insult, ' 
thereby producing a synergistic acute neuroprotective 
effect in the neuronal cells . 

The present invention further provides a method 
of providing acute neuroprotection by contacting neuronal 

25 cells with EPO or an active fragment or analog thereof 

close to or subsequent to the time of excitatory insult;' 
and contacting the neuronal cells with an IGF or an 
active fragment or analog thereof close to or subsequent 
to the time of excitatory insult, thereby producing a 

30 synergistic acute neuroprotective effect in the neuronal 
cells. 
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Many forms o( erythropoietin, as well as active 
fragments and analogs thereof, can be useful in the 
»etho<is Of the invention. In one e,^i„ent. neuronal 
cells are contacted with EPO or an active frag,»nt 
thereof, for example, with human EPO or an active 
fragment thereof, m another embodiment, neuronal cells ' 

Umxtatxon a peptide, peptidomimetlc. small »,lecule or 
nuclerc acrd KPO analog, m further e^iments. the ' 
^0 nvent.on is practiced wi,h an EPO analog that incluL 
the amrno ac.d seguence GGlTSCHrePLTWCKPgOG (SEO ID 
NO: 7) ; GGDVHCRMGPLTWVCKPLGG (SEQ ID Ho- «) ■ 

(SEQ ID NO: 10); GGLYLCEPGPVTTOCGYKBG (SEQ ID MO- IH 
15 GCCRIGPITWVOGG (SEQ ID NO: 12). ' ' " 

I 

■ In another embodiment, the invention is 

practiced with EPO. or an ^r-n^r^ -p 

^« or an active fragment or analog 

20 ■^^'^''^"■^ Human ePO. ,n another 

embodiment, the invention is practiced with EPO or an 
actave fragment or analog thereof which is oligomeric. 

Of EPO can be a dxmer in which each monomer contains the 
ammo acxd sequence GGTysaiFG£iiwV£KPQGG (SEQ id NO: 7, . 

" In a further embodiment, the invention is 

practxced wi.th EPO or an active fragment or analog 
thereof that has a half-life greater than the half-life - ' 
Of natxve human EPO. m an additional embodiment, the 
invention rs practiced with EPO or an active fragment or 
Z T"^"' hyper-glycosylated con^areTL 

natxve human EPO. I„ yet a further embodiment, the 
xnventron is practiced by contacting neuronal cells with 
Darbeporetxn. In any embodiment of the invention 
soluble EPO receptor optionally can be included ior 
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example, to increase the half -life of EPO or an active 
fragment or analog thereof. 

* "^"--^y °^ Of IGF and active frago^ts 

and analogs thereof also are useful in the invention. In 
one en^odi^ent. the invention is practiced by contacting 
neuronal cells with an 13. or an active fragment thereof, 
for e.a„ple, IGF-I or an active fragment thereof, m an 
additional embodiment; the invention is practiced by 
contacting neuronal cells with human ibp-I or an active 
10 fragment thereof. in further- o™k«^,- 

J.n turther embodiments, the invention 

as practiced with an IGP-knalog such as a peptide " 
peptidomimetic, small molecule or nucleic acid IGP analog 
.ncludxng, without limitation, peptide, peptidomimetic, 
small molecule and nucleic acid IGF-I analogs. 

another embodiment, the invention is 
practiced with an IGF or active fragment or analog 
thereof which has at least 10-fold higher affinity for 
the IGF-i receptor than native human IGF-I. . i„ a further 
embodiment, the .invention is practiced with an IGF or 
actxve fragment or analog thereof which has an altered 
affinity for an IGF-binding protein (IBP) . m yet a 
furthe:. embodiment, the invention is practiced with an 
IGF or active fragment or analog thereof which has a' 

25 xr!?''' the half -life of native human 

IGF-I. In the methods of the invention, the two 
contacting steps can be performed in vitro or in vivo and 
further can be performed simultaneously or in any order ' 
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AS used herein, the term -neuronal cell" means 
a nerve cell and is characterized, in part, by containing 
one or more markers of neuronal differentiation. Such a 
marker can be, for example, neurofilament, NeuN or MAP2 
5 A neuronal cell further generally is characterized as 
containing neuronal -like processes. 

The methods of the invention produce a 
synergistic acute' neuroprotective effect in neuronal - 
cells. AS used herein, the term -acute neuroprotective 

10 effect" means a rapid effect that functions to reduce 
neuronal cell death or deterioration. An acute 
neuroprotective effect generally occurs within several 
minutes to about several hours. Thus, medicaments that 
produce an "acute neuroprotective effects need not be 

15 pre-incubated with the neuronal cells prior to the time 
of excitatory insult, such as stroke, trauma or seizure, 
etc. An acute neuroprotective effect can rapidly 
function to reduce neuronal apoptosis. 

Tbe extent of apoptotic cell death can be 
20 determined by a variety of assays well known in the art 

Such methods include light microscopy for determining the ' 
•presence of one or more morphological characteristics of 
apoptosis, such as condensed or rounded morphology 
Shrinking and blebbing- of the cytoplasm, preservation of 
25 the structure of cellular organelles including 
mitochondria, and condensation and margination of 
. Chromatin. The percentage of apoptotic cells also can bi 
determined by .assaying apoptotic activity using terminal 
deoxytransferase-mediated (TdT) dDTP biotin nick 
30 end-labeling (tunel) in conjunction with condensed cell 
morphology (Gavriel et al., i_Cell_Biol^ 1x9:493 (1992)- 
Gorczyca et al., Int^.j_^^ 1,^39 (1992); Studzinski' 

Cell Growth and Ar.op ^^^,•. Oxford: Oxford 
University Press (1995)). ApopTag™ (ONCOR, inc.. 
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Gaither=burg, MD, is a conm^rciaaiy available kit for 
Identification of apoptotic cells using dlgo^cygenln 

by detecting characteristic nucleoso»al E«A frag^nts 
using agarose gel electrophoresis (Studrinski, s„pra 
1995; Gong et al., jmal. Bjorhe^L 218 = 314 (ISMt) or' ' 
using DHA filter elution methodology to detect 
apoptosis-associated DHA fr,g™„tation (Bertrand et al 
C£ugjevel^3,,133 „„3,, One skilled in the art " 
10 understands that these, or other assays for apoptosis 
can be performed using methodologies routine in the a^t. 

The term -synergistic,- as used herein in 
reference to an acute neuroprotective effect means an 
acute neuroprotective effect achieved by the combination 

there^r''°l'" °' ""^ - ««lo9 

thereof, and a particular dose of IGF, or active fragmel! 

or analog thereof, that is significantly greater than the 
addrtxve. acute neuroprotective effect ensuing from 
mdrvidual treatment with the same doses of EPO and IGF 
or actrve fragments or analogs thereof. In particular 
«»bodxments, the synergistic acute neuroprotective effect 
reduces neuronal cell death by at least 20*. 30% 40* 
50*, 60%, 70%, 80*. 90* or more. 

25 acute """"^ °' invention for providing 

acute neuroprotection, neuronal cells are contacted with 
EPO or an active fragment or analog thereof and IGF or an 
actrve fragment or analog thereof close to or subse^ent" 
to the time of excitatory insult. As used herein, the 
term "close to or subsequent to the time of «c=itatory 

txme after the stroke, trauma, seizure, poisoning or 
other excitatory insult or that the treatment or contact 
occurs at most an hour prior to the time of excitatory 
insult. Generally, the neuronal cells are contacted with 
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EPO and IGF from about the t-im«» • 

^"^7''->>^ and lOP contacting «epe occur 

""""'^^ -ult. in 

another e^odt^ent, th. EPO and, IGF contacting steps ' 
occur wxthin the .irst hour roXWng a.cltat!ry iLult ' 
in further embodiments, the KPO and XOP contacting stps 
occur „.th.n the first two hours following the ex!ltat!L 
10 xnsult. Within the first three hours following Z 

e^ctator. insult, within the first l. hours Llling 
the excrtato^ insult, -or within the first .4 hours 
following excitatory insult. 

. Erythropoietin (EPO) is the principal grwth ' 

e" hi d -—"on and differLtiatrrof 

erythroid progenitor cells and is a mea*,er of the 
cytokine family that includes interleukins 2 through 7 
0-CSF. G»,-CSP, TPO. growth ho^one and leptin TZt \ 
Bondurant, a^j^^fM^ 30:673-.,, ,I„3„ 

■ Binding of EPO to its receptor triggers sional 

transduction by llgand-mediated receptor di„f 
■the cell surface. Point mutations tLTintr™ °" 

extracellular domain of the EPO receptor, and which 
- —e-lin^ed receptor dimers on 

oL! H-T " °' EPO-depende„t cell lines and - 

other biological effects of i„ ^^.^ „^ ^ J 

hormone (Yoshimura et al., 348:647-649 ,1990^ 

' Watowich et al p,-«^ xt U990) ; 

(1992); and Watowich et al., MoI . r^n 

Bioli. 14:3539-3549 Z 

(1994)). Expression of these 

constitutive EPO reneT-.*-^.^- • 

receptors m mice results in 

erythroleukemia through unrecnil 

uyn unregulated activation of the 
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Signaling pathway (Longmore and Lodish, S^ll 67:1089-1102 
(1991); Longmore et al., Mol . c^n p..,. 14:2266-2277 
(1994) ) . EPo receptor activation has been shown to 
follow a sequential dimerization mechanism, with binding 
5 to a hxgh affinity site 1 on EPO preceding binding of- the- 
second receptor to a lower affinity site 2 (Matthews et 
P^oc. Natl ftcad. Sci n<;B 93: 9471-9476 (1996)). 

As used herein, the term "erythropoietin- is 
synonymous with «EPO" and means a polypeptide that has 
10 substantially the amino acid sequence of naturally 

occurring human EPO or a homolog thereof. EPOs useful in 
the invention include human and other primate EPOs 
mammalian EPOs such as bovine, porcine, murine and'rat ' 
homologs and other vertebrate homologs such as Danio 
.15 .rerio homologs. Thus, the term EPO encompasses species 
homologs, alternatively spliced forms", isotype and 
glycosylation variants and precursors of the mature human 
EPO sequence (SEQ ID NO: 3) shown in Figure 1. An epo 
generally has an amino aci.d sequence with at least about 
20 80% amino acid identity to the sequence of naturally 

occurring, mature human EPO (SEQ ID NO: 3) and can have 
for example, 90% or 95% or more amino acid identity with " 
• SEQ ID NO : 3 . 

A variety of forms of erythropoietin with 
25 varying glycosylation patterns are available 

commercially,, including but not limited to, EPOGEN 
(Amgen; Thousand Oaks, CA) ; EPOGIN (Chugai 
Pharmaceuticals; Tokyo, Japan); epomax (Elanex; Bothell 
WA); EPREX . { Janssen-Cilag; Beerse, Belgium); NEORECX)RMON 
30 and RECX)RMON (Roche; Basel, Switzerland) and PROCRIT 

(Ortho Biotech; Raritan. NJ) ; various forms of EPO also 
are available generically as EPOETIN ALFA. EPOETIN BETA 
and EPOETIN OMEGA. Thus, it is understood that an EPO 
useful in the invention can be obtained commercially or 
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lx«tat.oB, purification from a natural source 
rec=*ina„e expression, or -peptide-or che„icaZ 'synthesis 

A »ethod of the invention can be practiced if 
S ^esrred, .„ith an -.PO analog. . As used. herL 

■ r ' — -dues r:„i^ r 

the IZr^"- " intracellular signaling o 

, ^^-J-^hroPo-tin receptor and that, in co^inatiL with 
an .nsuUn-U.e growth factor, produces a synergistic 

can be. without lialtaticn. a protein, peptide. ■ ■ 
peptrdci„etic. small molecule. ribczy„«. nucleic acid ' 
molecule. Oligonucleotide, oligosaccharide, -cell Zl 

elow. BPO analogs useful in the invention encompass vet 
ar^not limited to. erythropoietin mimetic peptid^ ' 
(EMPs,, cyclxc molecules such as cyclic peptides or 
Peptrdomxmetics,. dimeric and oligomeric EPO analogs- 
analogs with increased plasma half-lif,, anti-EP^ ' 

receptor drmerrzataon.. hyper-glycosylated for« of KPO- 
EPO-enccd.„g nucleic acid molecules.- and constitutive ' 
formg.of. the EPO receptor ii-i. itutive 
term FBo ■ , understood that the 

term^EPO analog encompasses active fragments of EPO 
> which are described hereinabove. 

peptide ^^"-POi-in mimetic 

peptide containing at least one copy of the amino " 

twrLhtTT ™^<=-- "--^ - ^= any amino acid 
(Wrighton et al.. SsXsSSi 273:458-463 (1996,, ,„ „ 

embodiment, the EPO analog contains t„ or m re ^p":: , 
BCCXXGPiCTKXCXP (Wrighton et al . , fi^t^ °' 
Bioterhn 15:1261-1265 n<Jc>-7» 

the EPO .n ■ ^^''^^^ enJbodin,ent, 

the EPO analog contains the sequence YXOQCG^CTWXCXP 
Where X is any a^ino aci. and the cycli:^;:;-^:' 
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indicated by underlining. Erythropoietin mimetic 
peptides are known in the art and include EMPi (SEQ id " 
NO: 7), EMP2 (SEQ ID NO: 8), EMP3 (SEQ ID NO: ' 9) , EMP4 
^SEQ ID NO: 10) , EMPS . (SEQ ID NO: IX) and ^IXIS4 (SEQ.XD 
NO 12) as^shown xn Table 1. Additional cyclic molecules 
xncludxng cyclic peptides and peptidomimetics and 
disulfide-bonded peptides and peptidc^imetics also can be 
EPO analogs useful in the invention. 



10 



Analog 



EMPI 



■EMP2 



Table 1 



Sequence 



GGTYSCHFGPLtWVCKPQGG 



15 




0.2 



SEQ ID NO: 



20 



25 



Recombinant human EPO forms a dimer upon 
extensive heating, based on intermolecular disulfide bond 
formation involving cysteines-7 and -161 as described 
for example, in Derby et al., supra, 1996. Thus 
oligomeric forms of erythropoietin, as well as oUgomeric 
EPO fragments and analogs thereof, can be useful in the 
invention. See. in general, DePaolis et al.. 
S£i. 84:1280-1284 (1995) . and Derby et al . . mt. .T . 
Peptide Protein Res . 47:201-208 (1996). 



Olxgomeric forms of EPO or active fragments or 
analogs thereof useful in the invention include dimers 
and trimers as. well as higher multimeric forms An 
30 oligomeric form of EPO can include two or more, three or 
more, four or more, five or more, six or more, seven or 
more, eight or more, nine or more, ten or more, fifteen 
or more, twenty or more, 50 or more. loO or more, 200 or 
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n.ora, 500 or »>re, cr 1000 or .K,re coplea of EPO or an 
aotiv, fragment or analog thereof. ^ 

cross-Unking, s^thetic peptide chemistry, phage display 
and conjugation of biotin-tagged EPO with streptavidin' 
can be useful in generating oUgomerio EPO analogs 
Din,eric and trimerio EPO analogs can ba forced using 
heterobifunctional crosslinking reagents, for «ca^le, by 
chemcally »odifying a fdrst pool of erythropoietin 
„rs to contain free sulfhydryl residues and .ixing 
10 thxs pool with a second pool containing n^lei^do groups, 
. the oUgo»eric EPO subsequently can be purified, for 
example, by size exclusion HPLC ai described, in 
Sytlcowski et al., supra, 1998. 

Hatlve human erythropoietin has a relatively. 
.=hort plasma half-life of about 4 to 13 hours, while EPO 
analogs with a larger molecular size can have a reduced 
rate of clearance and, therefore, increased plasma 
survival and in vivo biological activity. Thus, higher 
molecular weight -EPO analogs including oligomaric forms 
20 of EPO. or active fragments or analogs thereof, can 

exhxb.t an increased plasma half-life, as compared to the 
half-Ufe Of native monomaric human EPO (Sytkowski et 
-1;. f=2£^»aU.-toi_^cijffla 95 = 1184-11<,8 (1998)). An 
o ..gomeric form of EPO can. have, for axao^la, a half-life ' 
2S Of at least 15, 18. 21. 24, 48. 72 or 98 hours. One . 
Skilled in the art recognizes that, if desired, soluble 
EPO receptor can be included to increase the half-life of 
natrve erythropoietin, or an active fragment or analog ' 
thereof, and, therefore, therapeutic value. 

>" AS discussed above, binding of EPO to the EPO 

receptor results in receptor dimarization. as is common ' 
for growth factor and cytokine receptors. Mmeri.ation 
of the EPO receptor can be sufficient to induce a 
biological response characteristic of EPO. Thus, an EPO 
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analog useful in the invention can pro^t. di^.i,.tion 
o£ the EPQ .eceptor. I„ one e^^t. the invention is 
practiced with an EPO analog which is a .nultivalent 
antxbody, such as a bivalent „K>noclonal antibody, that 
,bi«ds the extracellular domain of the erythropoietin 
receptor and promotes receptor dimeri^ation. Such 
Mvalent anti-EPO receptor antibodies have been shown to 
mxmxc EPO activity as described, for example, in 
Schneider et al., b1^ 35:4,3-483 ,1„7, , and BUiot et 
al., jT, B^o), , rh,„ 271: 24691-246S7 (1996). 

AS used herein, the term -antibody" includes 
polyclonal and monoclonal antibodies; W well as 
polypeptide fragments of antibodies that retain binding 

activxty for an EPO receptor of ah 1..= ^ v. 

^«=^.cpcor ot at least about 1 x lO-s m 

antibody fragments, such as Pab, PfabM. and Pv frag^ts 
can retain binding activity for HPO receptor and, Tus ' 
are included within the definition of the term antibod; 
as used herein. The term antibody also encompasses 
20 non-naturally occurring antibodies and fragments 

containing., at a minimum, one V. and one domain, such 
as chxmer.c antibodies, humanized antibodies and single " 
. Chain antibodies that specifically bind EPO receptor 
Such non-naturally occurring antibodies can be 
2S constructed using solid phase peptide synthesis, produced 
recombinantly or obtained, for example, by screening 
combrnatorial libraries consisting of variable heavy 
chains and variable light chains as described by 
Borrebaeck (Ed.,, antibad^.^,,gi„s^ (Second edition, 
30 Hew York: Oxford Ohiversity Press (1995) . 

A variety of bivalent antibodies are useful in 
the invention, including, without limitation, naturally 
occurrxng monoclonal and polyclonal antibodies such as 
monoclonal antibody MoAb34 (Schneider et al supra 
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Useful 



30 



15") . F(ab.), f.,g„,„ts,. and -.iniantibodies - which 

5 region, such as the „.urine Ic«.3 io«« 

cii.e.i.ation .chains .ncX J^t ~ "T' 
helices, arranged as a heli.-tur^ hT k 
see fr.^ tum-helix bundle (dHLX- 

see, for example, Borrebaeck, supra 1995, n 
in the art can screen fov k- , skilled 
. screen for bivalent antibodv pd^ 

10 using routine assays a n." "'^i^y EPO analogs 

utilizing, for exall """"" ^ ^^^^^ 

extra. if / ' ^"""^^ili-ed EPO receptor 

'S ^pressing EPO recepto. (schneidir at al !„ 

ec ai., supra, 1997). 

Anti-EPO receptor antibodies can 
for example u.,-!,,^ . -"^^^^es can be prepared, 

«mpxe, using as an imraunogen an EPO ^ 
protein or a synthetic r. ^.^ ^ " ^ receptor fusion 

»a used as i^^aL. ' -co^inantly 

^.a^e„.ts ... s^..a.c pept H t 

molecule such as bovine se^.™ ik • carrier 
limpet hemocyanin (K^) ^^^^^ °r keyhole 

described' / '^^^ -s 

described, for example, by Harlow and Lane Antibod" ■ ' 
^^^^^^^QS^-tfrnsml (Cold Sorina u k ^Qt^^odigs^ 

Id Spring .Harbor Laboratory Press, . 

An EPO analog also can be a small moi , 
that can induce EPO receptor dimeri.atL: L " 
or more biological activities of natuliLT 
erythropoietin A , naturally occurring 

tin. ^ small molecule EPO analog can contain. 
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for example, eight copies of w-j- [2- (4 

-ter, example, attached to a polyamidoami^.^,,. J' 

hyd™thylhe„.a„iae support, via a che^cal linker ^ 
can be prepared as described in Qureshi et al Proc 

small n^lecule EPO analogs can be routinely identified, ' 
for example, by screening compound libraries for ■ 
molecules able to induce dlmerization of soluble EPO 
receptor. Convenient assays for dimerization include 
assayrng for retention of labeled recombinant EPO-blndlng 
protein ,rEBP, , which is the extracellular domain, of 
EPO receptor, to unlabeled rEMP i™.obiUzed on a plate in 

and EPO erythropoietin is heavily glycosylated, 

and EPO prepared from Chinese hamster ovary ,CHO, cells 
has three »-lin^sd and one .-linked glycosylation sites 
wxth the average carbohydrate content being about 40%. 
in natrve EPO, carbohydrate plays an important role in 
stabxl.ty, biosynthesis, apical secretion and biological 
actrvrty. m particular, glycosylation appears to 

■ ™it?°t stability a^d solubility of 

EPO although conformation is not affected. B.US, an EPO 
2S analog also can be a form of EPO that is ' " 

hyper-glycosylated compared to native human EPO Such 
analogs are kno«, in the art and include, without 
iimitation, Darbepoietin. 

An EPO analog also can be a nucleic acid 
30 molecule encoding erythropoietin or an active fragment or 
analog thereof. M> exemplary nucleic acid analogT 
human EPO is provided herein as SEQ ID NO: 1 (see 
Frgure 1, . The skilled person understands that a nucleic 
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acid ^ ^^^.^^ . ^ ^ 

lrr°:° also can .„ kpo analog useful m 
methods. o£ the invention. 

5 As used herein, the term nucleic acirt , 

means any polymer ol two or mo.. ■, «lecule 
llnk.H K nucleotides, which are 

I tTJZ ' r: ^= * PWphodlester hond 

" ricLoVT ^"^"'^^ '"^'^^ nucleotides. 

A nuclexc acxd molecule can be linear, circular or 

supercoiled. and can he single stranded or d lie 

ZTL ' "-'^-'^ -«P^e. 

UNA or RNA, or a DNA/rna hybrid. 

15 ax..- "''^ '^''^ i-cluding a sense or 

15 a^txsense nucleic acid molecule or oligonuclelide 1 
can contain one or .ore nucleotide analogs or ' 
Phosphothioate bonds, which protect acTain,^ ^ 

nucleases. . rihonucleotLe .ZZZlWZZT 

—urally occurring ^mTrr- T. ZZT^ 

■:::~air:ri'^--"--. °--amp:::::'° 

axxy occurring organic molecules include Rwa 

:::rrh"-^""~^-^' - -n^tormore 

(1994) ; and Jellinek et al Bio.H • / 

(1995) ,. BxgcfeemxstQ. 34:11363-11372- 

.0 -»n in t:~ :™ utr :i^r 

O-methylpurxne substitutions on the ribo<,« . 
- Short phosphorothioate caps at ^ TZ/-^ 
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exhxbxt enhanced resistance to nucleases <Oreen et al 
contaxning 2.-a.lno- 2 ■ -decxypyrin^dines 

U997n . Furthermore, l-rna whir^h 
" a stereoisomer of naturally occurring D-m^; 
resistant to nuclease activity <Holte et al 
I teture p i„r^^h„ „_ i^ 14 = 1116-1119 (1996I , „k 

" l.:lll.-lll. ' " 

n -'-•^j.:^ ixyye;). Such RNA 

-lecules and methods of producing then, are welfLwH 

2" """"^ ^" a.d Pie^erT 

tol, Pev Bio^hrn. 64:837-663 (I995) ) ™ ', 

containing phosphorothioate lild lii J 
15 are nuclease-resistant / "I'Sodoo^ynucleotides 
(Reed et , "==ful EK> analogs 

'^«<» " al., aimers. 50 = 6565-6570 (I990). 
Phosphorothioate-3. hydroxypropyla.i„a modification of 
the phosphodiester ^„d also reduces the susclptmil 

- a" rr::r - " 

i?5^£l--^£ids_£es^ 22:977-986 (1994)) Px,^.h 
«ine can .e replace. .... S- ™' 
2 -deoxorxdine (Lathan. et al . , Hucl._^cids 
Res^ 22:2817-2822 (1994)). 

25 ln^ . ' • particularly useful for 

25 .ntroducng a nucleic acid analog into a neuronar ' l 

neuronal precursor cell in a .ethod of the" " 
Such vectors include fo^ . invention. 

include, for example, retroviral vectors 
lentiviral vectors • . v^eccors, 

vectors, adenoviral vector^! 

vectors (AAV) and herpesvirus vectors (see f ^ ^^' 
30 Kaplitt and Loewy, viral Vec^ ' 
. •^^*^^^=-^^^^£2rsi-Gene_Tl^^ 

CaUfonxra (1995) .- Chang, fia»,alic.s«,ejh^ 2 I 
Boca Raton, Florida (1995)^ 

adeno-associated vectorT 1 1.": :i:r i """''"^^ 
3= ™ent egression, and adeno.iri;d^:L:::L^; ^ 
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be used to achieve transient expression lasting for 
several months to about one year. It is understbod that 
both permanent and transient expression can be useful in 
the methods of the invention. 

5 A variety of techniques are known in the art 

for introducing a nucleic acid molecyle into a neuronal 
cell or neuronal precursor cell . Such methods ^include 
microinjection, electroporation, lipofection, 
calcium-phosphate mediated transfection, DEAE-Dextran- 

10 mediated transfection, polybrene- or polylysine -mediated 
transfection, and conjugation to an antibody, 
gramacidin S, artificial viral envelope or other 
intracellular carrier such as TAT. See Cibelli et al., 
Nat. Biotech 16:642-646 (1998); Lamb and Gearhart, Cu^ 

15 ppin. Gen. Dev .- 5:342-348 (1995); Choi (U.S. Pat 

6, 069, 010) ; and .Current Profocol... in Molecular nir.'ir^r 
John Wiley and Sons, pp 9.16.4-9.16.11 (2000). 

The biological effects of erythropoietin also 
can be mimicked by a constitutively active EPO receptor, 

20 which is another EPO analog that can produce acute 

neuroprotective benefits according to a method of the 
invention. A As used herein, the term "constitutive EPO 
receptor" is synonymous with "constitutively active EPO 
receptor' and means a polypeptide having structural 

25 similarity to the native human erythropoietin receptor 
and which has one or more hormone- independent biological 
activities of the native EPO receptor. Such a 
constitutive EPO receptor can have a modified 
dimerization interface such that the receptor dimerizes 
30 in the absence of ligand. in one embodiment, the 

constitutive EPO receptor is a variant of the native 
human EPO receptor which has an arginine to cysteine 
mutation at position 129 and which forms disulf ide-linked 
homodimers in the absence of EPO.- m other embodiments. 
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a constitutive EPO receptor is a variant of a native EPO 
receptor containing one or more hon-naturally occurring 
cysteines within the dimerization interface (see, for 
example, Watowich et al., supra, 1992; Watowich et al., 
5 sup:ra, 1994; and Longmore et al.. supra, 1994). 

An EPO analog also can be a molecule that 
induces or enhances the intracellular signal transduction 
cascade of the EPO receptor. signal is initiated 
following binding of EPO ligand and results in 
10 dimerization of receptor. JAK2 is autophosphorylated and 
subsequently phosphorylates the EPO receptor and STAT 
proteins, which then are fr^e to translocate to the 
nucleus and activate transcription, m addition, cross 
talk between the JAK2 and NF-kB signaling pathways, as 
15 well as Akt and bcl-X, upregulation, can lead to 
neuroprotection (Digicaylioglu and Lipton, Nature 
412:641-647 (2001)). Hematopoietic cell phosphatase 
(HCP) , also known as SHPl or PTPIC, binds to 
phosphorylated EPO receptor and dephosphorylates JAK2, 
20 thereby acting as a negative regulator of the EPO 

receptor intracellular pathway. Thus, an EPO analog also 
can be an inhibitor of HCP such as an HCP antisense 
molecule.. HCP inhibitors are known in the art and 
further can be identified by routine methods (Barbone et 
25 al.. Nephrol. Dial. TraT1sp ^an^ 14[Suppl. 2] :80-84 
(1999)). 

Naturally occurring human IGF-I, also known as" 
somatomedin C, is a hormone of 70 amino acids. igf-I is 
a basic peptide (pi 8.4) with about 43% amino acid 
30 homology to proinsulin. Naturally occurring IGF-Ii is a 
relatively neutral peptide (pi 6.4) with 60% amino acid 
homology to native IGF-I. 
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The sequence of me 

NO: 



The sequence of .^ture human IGP-1 (SEQ ID 
6) IS .too^ 

•'-sea et al.. 3oe:609-.li U,83„ ^ ,7 

^e up „atu„ hu^an loK-l have been divided 

r - -^^^-3 Of 

IGF-I bear a strong resemblance to the B ,-),= ■ x • 

and are therefore denoted the . ^^'Z^^''^ 
IGF-I residues 42-« are homologous to the insulin I 
10 Chain and are conse^entl. denoted the do«in " 

ITZ'tl ' * 30-4X, 

restu !r^" " '"^ ^"^'^--inal , amino acids 
(residues 63-,o) are lcnov«, as the -D domain.- 

IS IGF I sho °^ the core of human 

Bxochem. 30:5484-5491 fiQQTM ^ ^ ^J-., . 

•0 in.„1 ° ""aps," Which flank the 

contribute to. specific binding to the t^e l receptor 

e^cperiments have revealed that residues in " 
the carboxy- terminal extended region of the „ „ ■ 
-iaues in the c d^in proximal to The d 1 ^ ' ' 

"^^"^''"^ tyrosines 34 

and 31 are involved in snt^r^ifi^ 

ea in specific receptor interactions. 

unlike most other growth factors, the IGPs are"' 
present i„ high concentrations in the circulation 
however, only a relatively small fraction is avaiiabl ■ 
a -free- or unbound form Sn..^<=- ^^^^lable m 

u- Specific binding proteins of 

high molecular weight and with a hich k- . 
for IGP-I and IGP-II a.. ""^""'^^ 
IGF func^ modulate 
IGF functions (Holly et al., Kndocrin. lae.-V-xs (1S88„ 
Most IGFs in blood circulate as narfc . 

xace as part of a non-covalently 
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associated ternary complex made up of IGF-I or IGF-II, 
IGFBP-3 and a protein knovm as the «acid-labile subunif 
(ALS) . 



As used herein, the term «in^ulin-like growth 
5 factor" is synonymous with -IGF" and means a polypeptide 
that has substantially the amino acid sequence of • 
naturally occurring human IGF-I or^ naturally occurring 
human IGF-II or a homolog of one of these proteins 
Insulin-like growth factors useful in the invention 
10 include human and other primate IGFs, mammalian iGFs such 
as bovine, porcine, murine and rat homologs, and other 
vertebrate homologs such as chicken and Danio rerio 
homologs. Thus, the term IGF encompasses species 
homologs, alternatively spliced forms, isotype variants 
15 and precursors of the mature human IGF- I sequence shown 
m Figure 2> and species homologs, alternatively spliced 
forms, isotype variants and precursors of mature human - 
IGF-II. An IGF-I generally has an amino acid sequence 
wxth at least about 80% amino acid identity to the 
20 sequence of naturally occurring mature human IGF-I (SEQ 
ID NO: 6) and can have, for example, 90% or 95% or more 
amino acid identity with SEQ ID NO: 6. Similarly, an 
■ IGF-II generally has an amino acid, sequence with at least 
. about 80% amino acid identity to the sequence of 
.25 naturally occurring mature human IGF-ll and can have 90% 
or 95% or more amino acid identity with mature human 
IGF-II. It is understood that an IGF useful in the 
invention can be obtained by a variety of well known " 
methods, including, without limitation, purification from 
a natural source, recombinant expression, and peptide or 
chemical synthesis. As an example, IGF-I can be prepared 
xn bacteria as a, fusion peptide, followed by subsequent 
cleavage of the fusion product as described, for example, 
m U.S. Patent No. 5,708,134. 



30 
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An active fragment of an IGF also can be useful 
in the invention. An active fragment has an amino acid 
sequence corresponding to a portion of full-length IGF-I 
or IGF-II and retains the ability to synergize with EPO 
5 to produce an acute neuroprotective effect. Active 

fragments of IGF-I and IGF-II useful in the invention •• 
include fragments with similar activity or with improved 
activity or stability relative to the naturally occurring 
full-length IGF. As a non-limiting 'example, such an 
10 active fragment can lack the first 1 to 5 amino terminal 
residues of IGF-I. Destripeptide IGF-I, which lacks the 
native N-terminal residues Gly Pro Glu, stimulates 
protein and DNA synthesis at concentrations between 4 and 
50-fold lower than the levels required for full-length 
15 IGF-I. The elimination of 1 to 5 amino acids from the 
N-terminus of bovine or porcine IGF-I also results in 
enhanced potency. These and other active fragments of 
IGF-I find use in the methods of the invention. 

A method of the invention can be practiced, if 
20 desired, with an «IGF analog." As used herein, the term 
"IGF analog" means a molecule that induces or enhances 
expression, activity or intracellular signaling of the 
type 1 insulin-like growth factor receptor and that, in 
combination with EPO, produces a synergistic acute ' 
25 neuroprotective effect in neurons. Such an IGF analog 
can be, without limitation, a protein, peptide, 
peptidomimetic, small molecule, ribozyme, nucleic acid 
molecule, oligonucleotide, oligosaccharide, cell, phage 
or virus, or a combination thereof. it is understood 
30 that the term IGF analog encompasses active fragments of 
IGF-I and IGF-II. 

IGF analogs include molecules with improved 
characteristics relative to native human IGF-I or IGF-li 
for example, that facilitate commercial production of the 
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analog; that have improved potency, size, stability or 
solubility; or that provide a more desirable 
pharmaceutical formulation. As non-limiting examples, 
■more active IGF analogs can be produced, for example, by 
- 5 a modification affecting the interaction of the IGF with 
its receptor, an IGF-binding protein (IBP) or heparin. 

An IGF analog can be a molecule retaining. IGF 
• activity but having reduced affinity for one or more 
serum components, as described, for example, in Applebaum 
10 et al. (U.S. Patent NO. 4.876,242). Such an analog can 
have equal potency relative to IGF- I at the type I IGP 
receptor and can display, for example, a 5- to 10-fold 
increase in activity relative to human IGF-I. As an 
example, an IGF analog can be a 71 amino acid analog of 
15 human IGF-I containing the first 17 residues of the B 

chain of human insulin in place of the first 16 residues 
of human IGF-I or another analog incorporating a portion ' 
of insulin in place of the native IGF sequence (see, 
also, Cascieri and Bayne in LeRoith and Raizada, Current 
^° Pi^ections in Insulin-lik^. Growth Q^^^^rrh Plenum 

Press: New York 1994) . An IGF analog also can be a 
peptide or peptidomimetic analog with a non-naturally 
-occurring amino -terminal sequence. Ballard et al. (U.S. 
Patent No. 5,470,828 and 5,164,370) describe IGF-I and 
25 IGF-II analogs where there is a substitution of Glu3. in 

IGF-I, or a substitution of Glu5 and Glu6 in IGF-li. The " 
one or more glutamic acid residues can be substituted, 
without limitation, with Ala, Asn, Phe, He, Met, Val,' " 
Ser, Pro, Thr, Tyr or Cys. If desired, at least'one of 
30 the surrounding Gly, Pro or Thr residues also can be 
absent from the IGF analog. 

While naturally occurring igFs are single chain 
molecules, an IGF analog can have two or more chains. 
Two-chain IGF analogs include disulfide -bonded 



wo 03/103608 



PCT/US03/18645 



39 



h.ter=d.„.r= .o„p..ed of a first chain containing' the B 
-d c do^rn., and a second chain containing the\ 
ac^xn. such a two-chain ICF analog can b.' an IGP-I 
analog .n which the c domain contains a deletion of the 
s f rst , .0 o. 1. residues and can have increased xc !^ 
actxvrty as compared to native human IGF-1 (see for 
«an>ple, a.s. Patent No. 5,622,932.). 

^ P-'hway also can be induced u«i„g a 
^ ecule „h.ch increases the active concentration of an 

II I °" °' '"^'^ ""^ not with 

aite":: ' ^'-^ ^ ^ 

alone or .n combination with IGF-I or IGF-Il, or an 
active fragment or analog thereof. Such IGF analogs 
IS whxch c«. be a small antagonist miotics of an IG^ 

pepti'l'^r'" ^-1-^' 
P^txdes and peptidomimetics such as those sho», in . 

Table 2. These molecules are well fa>o«, i„ the art as ' 

descr.B«,. (or example, in v.s. Patent »o. 6.251 I^s a„d 

20 lowman et al.. BiasS,^ 3,:e8,0-38,s nslT 



25 



30 



Table 2 


Peptide sequence 


SEQ ID UO; 


ASEEVCWPVAEWYLCNMWGR 


13 


ASEEVCWPVAEWYLC 


14 


GPETCWPVAEWYLCN 


15 


EEVCWPVAEP^YLCN 


16 


BVCWPVAEWYLCN 


17 


CWPVAEWYLCai 


18 


CRAGPLQWLCEKyPG 


19 


SEVGC3lAGPLQWLCEKyFG 


20 
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Additional IGF analogs useful in the invention 
include but are not limited to LR3IGF-I, which contains 
an Arg for Glu substitution at ^sition 3 and a 13 • 
residue amino- terminal extension (Francis et al., j. moI 
5 Endocrinol . 8:213-223 (1992)) as well as forms containing 
[Leu243 or [Leu24] [Arg31] (Bayne et al., J. Biol rh^n. 
265:15648-15652 (1990); Seigel et al.. Molecule, v^...^ 
6:157-163 (2000)), and the Val„ IGF-I analog that 
simplifies production through application of cyanogen 
10 bromide (Oeda etal., U.S. Patent No. 4,745,179). 

An IGF analog also can be a nucleic- acid 
molecule that, for example, encodes IGP-I or IGF-II or an 
active fragment or analog thereof. An exemplary nucleic 
acid analog of human IGF-l is provided herein as SEQ ID 

15 NO: 4. The skilled person understands that a nucleic' 
acid molecule encoding an active fragment of IGF-I or 
IGF-II, or a peptide analog thereof, such as those 
described hereinabove also can be a nucleic acid analog 
of IGF-I or IGF-II useful in the methods of the 

20 invention. 

. Additional IGF analogs can be identified, if 
desired, by routine methods. As an example, a kinase 
receptor activation assay (KIRA) can be used to measure " 
activation of the human type I IGF-I receptor and thereby 

25 identify an IGF analog as described in Lowman et al.. 

Biochemistry 37:8870-8878 (1998). Briefly, human MCF-7 
cells (ATCC-HTB 22) . which express IGF and insulin 
receptors, are grown overnight in 96 well plates with 
50/50 F12/DMEM medium (Gibco) at 37oC in 5% C02 . 

30 Supematants are .decanted, and stimulation media (50/50 
P12/DMEM with 25 mM HEPES and 2 . 0% BSA) containing either 
test compound or recombinant human IGF-I standards are 
added. After stimulation at 37oC for 15 minutes, 
supematants are decanted, and the cells lysed. Lysates 
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are transferred to an inununosorbant plate coated with 
polyclonal anti-IGF-I receptor (Santa Cruz Biotechnology) 
and blocked with BSA. After incubation for two hours at 
-room temperature, unbound receptor is removed by washing 
5 and bound receptor detected with biotinylated antibody 
4G10 (anti-phosphotyrosine), followed by development with 
HRP-conjugated dextran-streptavidin and 
tetramethylbenzidine substrate solution. The product 
absorbance is read at 450 nm with a reference at 650 nm. 

10 An EPO or IGF analog useful in the invention 

also can be a bifunctional molecule such as a 
biofunctional peptide having the activity of EPO as well 
as an IGF. It is understood that such a chimeric EPO/IGF 
peptide, which has the activity of both EPO and an IGF 
15 can be used in the methods of the invention in the 

absence of additional EPO or IGF or an active fragment or 
analog thereof or, if desired, in combination with one or 
both of EPO or IGF or active fragments or analogs 
thereof. Thus, while in many cases, the methods of the 
20 invention are practiced by contacting neuronal "cells or 
admanxstering a combination of two factors (EPO and an 
IGF) , the methods of the invention also can be practiced ' 
by contacting neuronal cells with or by administering to 
a subject a single bifunctional analog in place of 
25 individual EPO and IGF proteins or active fragments or 
analogs thereof. m one embodiment, the invention is 
practiced by contacting neuronal cells with an EPO/IGF 
bxfunctional analog which is cleaved after uptake into ' 
the neuronal cells to produce individual EPO and IGF 
30 analogs. In another embodiment, the invention is 
practiced by administering to a subject an EPO/IGF 
bifunctional analog, which is cleaved subsequent to 
administration to produce individual EPO and IGF analogs 
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Peptide analogs can- be synthesized by well- 
known methodology, for example, ^xtili2ing an Applied 
Biosystems 430A Peptide Synthesizer (Foster City, CA) . 
Boc amino acid resins and other reagents can be obtained 
5 from Applied Biosystems and other commerci'al sources. 
Sequential Boc chemistry, using double couple protocols 
and acetic anhydride capping can be applied to the' 
desired Boc-amino acid-4- (oxymethyl)phenylacetamidomethyl 
TPAM] resin. Asparagine, histidine, glutamine, arginine, 
10 a-p-hydroxyphenyl) acetic acids, P-p-hydroxyphenyl 
propr ionic acids, p-hydroxybenzoic acids, 

p-hydroxycinnamic acids and p-hydroxyphenoxy acetic acids 
can be coupled using preformed hydroxy benzotrizole 
esters, other residues can be conveniently coupled using ' 
15 preformed symmetrical anhydrides with dicyclocarbodiamide 
(DCC) . Recombinant hormones and active fragments and 
analogs thereof also can be prepared using recombinant 
methods in prokaryotic host cells or in yeast 6r other 
eukaryotic host cells as described, for example, in U.S 
20 Patent No. 5,104,796 and' U.S. Patent No. 5,084,384 (see- 
also, U.S. Patent No. 5,622,932). It is understood that 
recombinant forms of EPO or IGF can be prepared as fusion 
proteins and can contain additional heterologous 
sequences such as signal sequences. 

"^^^ present invention also provides a method of 
preventing or reducing the severity of an acute 
neurologic condition in a subject by administering to the 
subject EPO or an active fragment or analog thereof cios^ 
to or subsequent to the time of acute injury; and 
30 administering to the subject an IGF or an active fragment 
or analog thereof close to or subsequent to the time of 
acute injury, thereby providing a synergistic acute 
neuroprotective effect and preventing or reducing the 
severity of the acute neurologic condition. Such an 
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acute neurologic condition can ^. „ithout limitation. ■ 
stroke, head or spinal cord trau.«, or seizure. 

* ""^'-"'^ invention for preventing or 

5 cTr' '"r.^^^"^^^ °^ " ~03ic condition 

can be practxced. for example. „ith EPO or an active 
frag^nt thereof, such as hu^n EPO or an active frag^t 
thereof. * method of the invention also can be prac^d 
w.th an EPO analog, which can be, without li^itaLon. a 
pept.de, peptido.ieetic, 's^all .^lecule or nucleic acid 
analog. i„ particular embodiments, the invention is 
practiced with an EPO analog containing one of the 
following amino acid sequences: GGTYSCHrePLTWVCKPQGG 
(SEQ ID HO, 7) ; ggd™cemgpltwvckpi,gg (SEQ Id HO- al . 

OGVYACRMGPITWVCSPLGG (SEO ID Nn. ol ' 

(SEQ ID H0= 10) ; OGLYLCRFGPVT»DCGYKBG (SEQ ID HO- 11, . or 
GGCRIGPITWVCOG (SEQ ID SO: 12). 

In one embodiment, the invention is practiced 
. ".tb EPO or an active fragment or analog therelf whicT 
has at least 10-,old higher affinity for the EPO receptor 
=0 than native human EPO. I„ another embodiment, the 

invention is practiced with EPO or an active fragment or 
. ana^o.. thereof . Which is. oligomeric, for example," me jc 
AS an mple, a method of the invention can be practiced 
wrth a d.„er.c form of EPO in which each monomer contains 
the am.no acid sec,uence GGTYSfflEGEBHVEKPQGG ,SEQ id 
HO: 7). In a further embodiment, the invention is 
practiced with EPO or an active fragment or analog 
thereof which has a half-life greater than the half-life 
of native human EPO. Such a form of EPO can be 
30 hyper-giycosylated as compared to native human EK. and 
further can be, for example, Darbepoietin. The methods 
of the invention also optionally include the step of 
administering soluble EPO receptor to the subject 
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A variety of fonns of IGF and active fragments 
and analogs thereof are useful in the invention, m one 
. e^odi.ent, the invention is practiced by administering 
IGF or an active fragn^nt thereof, for example, IGF-I or 
an active fragment thereof . In an additional eo^odiment, 
the invention is practiced by administering human IGF-I 
or an active fragment thereof. The invention also can be 
practiced by administering an' IGF analog such as a 
peptide, peptidomimetic, small molecule or nucleic acid 
10 analog including, but not li„.ited to, a variety of IGF-I 
analogs . 

In one embodiment, a method of the invention 
for preventing or reducing the severity of an acute 
neurological condition is practiced with an IGF or active 
fragment or analog thereof which has at least lo-fold 
highe. affinity for the IGF-I receptor than native human 
IGF-I. in another embodiment, the invention is practiced 
wxtb an IGF or active fragment or analog thereof which 

20 "''"'^ '"'"''^ IGF-binding protein, m a 

20 further eu^odiment, the invention is practiced with an 
IGF or active fragment or analog thereof which has a 
half life greater than the half -life of native human IGF ' 
In the. methods of the invention, EPO and IGF, or active " 
fragments or analogs thereof, can be administered 
25 simultaneously or in any order and in the same or 
different pharmaceutical compositions. 

_ AS used herein, the term "subject" means any 
animal containing neurons, for example, a mammal such as 

30 ; ^^-^^^ - • A subject typically 

30 suffers from an acute- or chronic neurologic condition or 
IS at high risk of developing a neurologic condition. 

As used herein, the term "acute neurological 
condition- means any neurological disorder or disease 
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As 



having a short and relatively severe course _ 
non-li„.iti.ng examples, an «acute netxrologic condition' 
can be cerebral ischemia associated with stroke; hypoxia- 
anoxxa; poisoning by carbon monoxide, manganese or 
5 cyanide; hypoglycemia; perinatal asphyxia; near death 

drowning; mechanical trauma to the nervous system such as 
trauma to the head or spinal cord; epileptic seizure- 
cardiac arrest; or cerebral asphyxia associated, for' 
example, with coronary bipass surgery. Acute 
10 neurological conditions generally are distinguished from • 
chronic neurological conditions, in which the 
neurological condition is of a relatively long duration, 
for example, several months or years. 

""'"^ provided by the invention is a method of 
15 preventing or reducing the severity of a neurologic 

condition in a subject by administering to the subject 
EPO or an active fragment or analog thereof at a dose of 
at most 2000 U/kg; and administering to the subject an 
IGF or an active fragment or analog thereof, thereby ' 
20 providing neuroprotection and preventing or reducing the 
severity of the neurologic condition. The EPO and IGF 
or active fragments or analogs thereof, can be ' ' " 

• adniinistered to the subject simultaneously or in any 
order and in the same or different pharmaceutical 
25 coH^ositions using any of a variety of routes of 
administration including, without limitation, oral 
intravenous, intraperitoneal, subcutaneous 
intracerebroventricular, intrathecal, transnasal, 
xntravitreal and transcleral administration, a variety 
30 of acute and chronic neurologic conditions can be treated 
according to a method of the invention including, but not 
Ixmxted to, Alzheimer's disease, Parkinson's disease 
Huntington's disease, amyotrophic lateral sclerosis ' 
multiple sclerosis, HIV-associated dementia, glaucoma, 
35 ^pxlepsy, light-induced retinal degeneration such as 
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The present invention also provides a method of 
preventing or reducing the severity of a cerebral 
5 neurologic condition in a subject by transnasally 

admanistering to the subject BPO or an active fragment or 
analog thereof at a dose of at most 2000 U/kg; and 
transnasally administering to the subject an IGF or an 
active fragment or analog thereof, thereby providing 
10 acute neuroprotection and preventing or reducing the 
severity of . the. neurologic condition. 

Various forms of EPO and 'active fragments and 
analogs thereof are useful for preventing or reducing the 
severity of a neurologic condition according to a method 
15 Of the invention. As an example, the invention can be 
practiced with EPO or an active fragment thereof such as 
human EPO or an active fragment thereof. A method of the 
invention also can be practiced with an EPO analog, which 
can be, without limitation, a peptide, peptidomimetic. 
20 small molecule or nucleic acid analog. m particular 
embodiments, the invention is practiced with an EPO 
• analog containing one of the following amino acid 
sequences: GGTYSCHFGPLTWVCKPQGG (SEQ ID NO- 7)- 
GGD^CRMGPLTWVCKPI^ (SEQ ID NO: 8); GGVYACRMGPITWVCSPI«5 
25 (SEQ ID NO: 9); VGNYMCHFGPITWVCRPGQG (SEQ ID NO- 10)- 

GGLYLCRPGPVTWDCGYKGG (SEQ ID NO: 11, or GGCRIGPITWVCGG 
(SEQ ID NO: 12) . 



30 



In one embodiment, a method of the invention 
for preventing or reducing the severity of a neurologic 
condition is practiced with EPO or an active fragment or 
analog thereof which has at least lo-fold higher affinity 
for the EPO receptor than native, human EPO. m another 
embodiment, the invention is practiced with epo or an 



wo 03/103608 „^ „ 

PCT/US03/18645 

47 

active fragment or analog thereof which is oligomeric! 
for example, dimeric. The invention can be practiced, 
for exan^jle, with a dimeric form of EPO in which each' 
monomer contains the amino acid sequence 
5 GGTYSCHFGPLTWVCKPQGG (SEQ ID NO: 7) . In a further 
embodiment, the invention is practiced with EPO or an 
active fragment or analog thereof which has a half-life 
greater than the half -life of native human EPO. Such a 
form of EPO can be hyper-glycosylated as compared to 
10 native human EPO and further can be, for example, 
Darbepoietin. The methods of the invention further 
optionally include the step of administering soluble EPO 
receptor to the subject. 

A variety of forms of IGF and active fragments 
15 and analogs thereof also are useful in the. invention. • In 
one embodiment, the invention is practiced by' 
administering an IGF or an active fragment thereof, for 
example, IGF- I or an active fragment thereof. In an 
additional embodiment, the invention is practiced by 
20 administering human IGF-I or an active fragment thereof. 
In a further embodiment, the invention is practiced by 
administering an IGF analog such as a peptide, 
peptidomimetic, small molecule or nucleic acid analog 
including, but not limited to, a variety of IGF-I 
25 emalogs . 

In one embodiment, a method of the invention 
for preventing or reducing the severity of a neurological 
condition is practiced with an IGF or active fragment or 
analog thereof which has at least 10-fold higher affinity 
30 for the IGP-I receptor than native human IGF-I. In 

another embodiment, the invention is practiced with an 
IGP or active fragment or analog thereof which has an 
altered affinity for an IGF-binding protein. in a 
further embodiment, the invention is practiced with an 
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IGF or active fragment or analog thereof which has a 
half-life greater than the half-life of native human IGP. 

The term "neurological condition* as used 
herein,, encompasses all acute and chronic neurological 
5 conditions. Thus, neurological conditions encompass, 
without limitation, hypoxia -ischemia (stroke) ; head or 
spinal cord injury; epilepsy; neurodegenerative disorders 
such as Parkinson's disease, Huntington's disease, 
Alzheimer's disease, amyotrophic lateral sclerosis or 
10 multiple sclerosis; optic neuropathies such as glaucoma, 
light- induced retinal degenferSition such as photoreceptor 
degeneration, and macular degeneration; disorders of 
photoreceptor degeneration such as retinitis pigmentosa; 
metabolic, mitochondrial and infectious brain 
15 abnormalities such as encephalitis; and neuropathic pain 
(Lipton and Rosenberg , New Enol . .T m>.h 330 : 613 
(1994)). Chronic neurological conditions encompass 
neurodegenerative diseases such as Alzheimer's disease, 
Huntington's disease; disorders of photoreceptor 
20 degeneration such as retinitis pigmentosa and 

light- induced retinal degeneration; macular degeneration 
of the retina; forms of dementia including 
■ fronto- temporal dementia and HlV-associated dementia 
(acquired immunodeficiency syndrome dementia complex) ; 
25 neuropathic pain syndromes such as causalgia or painful 
peripheral neuropathies and other chronic pain syndromes; 
olivopontocerebellar atrophy; Parkinson's disease; 
Parkinsonism; amyotrophic lateral sclerosis; 
mitochondrial abnormalities and other biochemical 
30 disorders such as MELAS syndrome, MERRF, Leber's disease, 
Wernicke's encephalopathy,. Rett syndrome, 
homocysteinuria, hyperhomocysteinemia, hyperprolinemia, 
nonketotic hyperglycinemia, hydroxybutyric aminoaciduria, 
sulfite oxidase deficiency, combined systems disease, 
35 lead encephalopathy; hepatic encephalopathy, Tourette's 
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syndrome; drug addiction, tolerance, dependency; and 
depression or anxiety syndromes. 

The methods of the invention for preventing or 
reducing the severity of a neurologic condition in a 
5 subject are based, in part, on the discovery that, when 
administered in conjunction with an IGP such as IGF-I 
EPO can be neuroprotective at much lower ddses than 
previously observed. Thus, the methods of the invention 
are practiced by administering a dose of at most 

10 2000 U/kgEPO,-oractivefragment or analog thereof, m 
particular embodiments, the invention is practiced by 
administering a dose of at most . 1500 -U/kg, 1000- U/kg 
750 U/kg, 500 U/kg. 250 U/kg, 100 U/kg, 90 U/kg, 80 U/kg 
70 U/kg. 60 U/kg, 50 U/kg, 40. U/kg, 30 U/kg, 20 U/kg 
15 10 U/kg, 5 U/kg, 2.5 U/kg or 1 U/kg EPO or active 

fragment or analog thereof. m further embodiments, the 
invention is practiced by administering at most 
2000 U/kg/day, 1500 U/kg/day, looo U/kg/day, 
750 U/kg/day, 500 U/kg/day, 250 U/kg/day, 100 U/kg/day 
20 90 U/kg/day, 80 U/kg/day, 70 U/kg/day. 60 U/kg/day 
50 U/kg/day, 40 U/kg/day, 30 U/kg/day, 20 U/kg/day' 
10 U/kg/day, 5 U/kg/day, 2.5 U/kg/day or 1 U/kg/day EPO 
•or active fragment or analog thereof., m still further 
embodiments, a method of the invention for preventing or 
25 reducing the severity of a neurologic condition in a 
subject is practiced by administering EPO, or active 
fragment or analog thereof, in the range of 0.5 U/kg/day 
to 200 U/kg/day, 0.5 U/kg/day to 100 U/kg/day, 
0.5 U/kg/day to 50 U/kg/day, 0.5 U/kg/day to 25 U/kg/day 
30 0.5 U/kg/day to 15 U/kg/day, 0.5 U/kg/day to 10 U/kg/day' 
0.5 U/kg/day to 5 U/kg/day. 1 U/kg/day to 200 U/kg/day 
1 D/kg/day to 100 U/kg/day, l U/kg/day to 50 U/kg/day 'l 
U/kg/day to 25 U/kg/day. l U/kg/day to 15 U/kg/day 1 
U/kg/day to 10 U/kg/day, i U/kg/day to 5 U/kg/day '2 
35 U/kg/day to 200 U/kg/day, 2 U/kg/day to 100 U/kg/day 2 
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u/kg/day to 50 U/kg/day, 2 U/kg/day to 25 U/kg/day 2 
n/kg/day to 15 U/kg/day, 2 U/kg/day to 10 U/kg/day' 2 
U/kg/day to 5 U/kg/day, 3 U/kg/day to 200 U/kg/day' 3 
U/kg/day to 100 U/kg/day, 3 U/kg/day to 50 U/kg/day 3 
5 U/kg/day to 25 U/kg/day, 3 U/kg/day to IS U/kg/day \ 
U/kg/day to 10 U/kg/day, 3 U/kg/day to 5 U/kg/day '5 
U/kg/day to 200 U/kg/day, 5 U/kg/day to 100 U/kg/day 5 
U/kg/day to 50 U/kg/day, 5 U/kg/day to 25 U/kg/day 5 
U/kg/day to 15 U/kg/day, or 5 U/kg/day to 10 U/kg/day 
10 in still further ead^odiments , a method of the invention 
for preventing or reducing the severity of a neurologic 
condition in a subject is practiced by administering EPO 
or active fragment or analog thereof, at 3 U/kg/day 5 
U/kg/day, 10 U/kg/day, 15 U/kg/day, .20 U/kg/day or 25 
15 U/kg/day. A unit of, EPO, as defined by the World Health 
Organxzation and as used herein, is the equivalent of i 2 
international units of EPO activity. 

The methods of the invention additionally 
involve administering an IGF or active fragment or analog 
0 thereof to the subject. Such an IGF or active fragment 
or analog thereof generally is administered to a subject 
at from 0.5 ng/kg/day to 500 ng/kg/day. m particular 
■ embodiments, a method of the invention is practiced by 
administering an IGF such as IGF- I, igf-ii or an active 
5 fragment of analog of one of these factors, in a range of 
1 ng/kg/day to 500 ng/kg/day, 1 ng/kg/day to 
250 ng/kg/day, i ng/kg/day to 100 ng/kg/day, 1 ng/kg/day 
to 50 ng/kg/day, 1 ng/kg/day to 20 ng/kg/day, 1 ng/kg/day 
to 10 ng/kg/day, 5 ng/kg/day to 500 ng/kg/day 5 
) ng/kg/day to 250 ng/kg/day, 5 ng/kg/day to 100 ng/kg/day 
5 ng/kg/day to 50 ng/kg/day, 5 ng/kg/day to 20 ng/kg/day' 
5 ng/kg/day to 10 ng/kg/day, 10 ng/kg/day to 500 
ng/kg/day, 10 ng/kg/day to 250 ng/kg/day, 10 ng/kg/day to 
100 ng/kg/day, 10 ng/kg/day to 50 ng/kg/day, 10 ng/kg/day 
to 20 ng/kg/day, 20 ng/kg/day to 500 .ng/kg/day, 20 
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ng/kg/day to 250 ng/kg/day, 20 ng/kg/day to 100 
ng/kg/day, 20 ng/kg/day to 50 ng/kg/day, 30 ng/kg/day to 
500 ng/kg/day, 30 ng/kg/day to 250 ng/kg/day 30 
ng/kg/day to 100 ng/kg/day, 30 ng/kg/day to 50 ng/kg/day 
5 50 ng/kg/day to 500 ng/kg/day, 50 ng/kg/day to 

250 ng/kg/day or 50 ng/kg/day to 100 ng/kg/day. m other 
embodixnents, a method of the invention is practiced by 
administering 5 ng/kg/day, lo ng/kg/day, 20 ng/kg/day 25 
ng/kg/day, 30 ng/kg/day or 50 ng/kg/day of an IGF or ' 
active fragment or analog thereof. 



10 



In further embodiments, a method of the 
invention is practiced by administering EPo', or an active 
^ fragment or analog thereof, in a range of 1 U/kg/day to 
100 U/kg/day, i to 50 U/kg/day, 1 U/kg/day to 15 
15 U/kg/day, 2 U/kg/day to 100 U/kg/day, 2 U/kg/day to 50 
U/kg/day, 2 U/kg/day to 15 U/kg/day, 3 U/kg/day to 100 
U/kg/day, 3 U/kg/day to 50 U/kg/day, or 3 U/kg/day to 15 
U/kg/day in combination with an IGF, or active fragment 
or analog thereof, administered in a range of 1 ng/kg/day 
20 to 500 ng/kg/day, 5 ng/kg/day to 200 ng/kg/day or 
10 ng/kg/day to 100 ng/kg/day. 

EPO, or an active fragment or analog thereof 
and an IGF or an active fragment or analog thereof 
generally are administered to a subject in a 
25 pharmaceutical composition. it is understood that the 
EPO and IGF can be administered in the same or separate 
pharmaceutical compositions and further can be 
administered simultaneously or in any order, and by the 
same or different routes of administration: a 
30 pharmaceutical composition useful in the invention 

includes EPO or an active fragment or analog thereof or 
an IGF or an active fragment or analog thereof, or both 
each xn a concentration range of, for example, 
approximately 0.0001% to approximately 0.1% weight by 
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volume but not to exceed 2000 U/kg EPO or active fragment 
or analog thereof, a pharmaceutical composition useful 
m the methods of the invention further can include an 
excipient well known in the art for preparing 
5 pharmaceutical compositions including compositions 

suitable for intranasal administration. Pharmaceutical 
compositions useful in the invention further encompass 
wxthout limitation, those containing carrier proteins 
such as albumin. As non-limiting examples, a 
10 pharmaceutical composition of the invention can include 
about 0.1% to 0.4% of a carrier protein such as albumin. 

A pharmaceutical composition includes a 
pharmaceutically acceptable carrier, which is any carrier 
that has substantially no long term or permanent 

15 detrimental effect when administered. Examples of 

pharmaceutically acceptable carriers include, without 
limitation, water, such as distilled or deionized water,- . 
saline; and other aqueous media, it is understood that' 
the active ingredients can be soluble or can be delivered 

20 as a suspension in a suitable carrier. • 

A preservative or tonicity adjuster can be 
■ included, if desired, in a pharmaceutical con5,osition 
useful in the invention. Useful preservatives include 
vrithout limitation, benzalkonium chloride, chlorobutanol • 
25 thxmerosal, phenylmercuric acetate, and phenylmercuric 
nitrate. Tonicity adjusters useful in the invention 
include salts -such as sodium chloride, potassium 
chloride, mannitol or glycerin and other pharmaceutically 
acceptable tonicity adjuster. 



30 



Various buffers and means for adjusting pH can 
be used to prepare a pharmaceutical composition useful in 
the invention, provided that the resulting preparation is 
pharmaceutically acceptable. Such buffers include. 



wo 03/103608 

PCTAJS03/1864S 

53 

without limitation, acetate buffers, citrate buffers, 
phosphate buffers and borate buffers, it is underst«>d 
that acids or bases can be used to adjust the pH of the 
composition as needed. Pharmaceutically acceptable 
5 .antioxidants useful in the invention include, yet are not 
limited to, sodium metabisulf ite. sodium thiosulfate, 
acetylcysteine, butylated hydroxyanisole and butylated • 
hydroxytoluene . 



A variety of routes of administration can be 
10 useful in the invention depending, in part, on the size 
and characteristics of the polypeptide or analog to be-- 
administered and the historj^. risk factors and symptoms" 
of the subject to be treated. Routes of administration 
suitable for the methods of the invention include both • 

15 systemic and local administration. In specific 

embodiments, EPO or an active fragment or analog thereof 
IS administered through oral, intravenous, subcutaneous 
intraperitoneal, intravitreal, transcleral, intranasal, 
intrathecal or epidural administration, or via 

20 intracerebro ventricular injection or a shunt surgically 
inserted into the cerebro ventricle. In further 
embodiments. IGF-I or an active fragment or analog . 
thereof, is administered orally, intravenously, 
intranasally, intrathecally, epidurally, or via cerebro 

25 ventricular injection or a shunt surgically inserted into 
the cerebro ventricle. 

Routes of administration useful in the methods' 
of the invention encompass, without limitation, oral 
delivery; intravenous injection; intramuscular injection- 

30 subcutaneous .injection; intraperitoneal injection; 

• transdermal diffusion and electrophoresis; topicai eye 

drops and ointments; periocular and intraocular injection 
including subconjunctival injection; extended release 
delivery devices including locally implanted extended 
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release devices including a bioerodible or 
reservoir-based implants. It is understood that an. 
implant useful in the invention generally releases the 
implanted pharmaceutical composition over an extended 
period of time. 

Intranasal administration can be useful in the 
methods of the invention for preventing or reducing. the 
severity of a neurological condition that affects the 
brain. Such conditions include yet are not limited to 
cerebral ischemia; stroke; hypoxia or anoxia; mechanical 
trauma to the head; HIV- associated dementia (AIDs 
dementia complex); Alzheimer's disease or Parkinson's 
disease; and drug addiction, tolerance and dependency, as 
well as other neurological disorders that affect the 
15 brain described hereinabove or known in the art. In one 
embodiment, intranasal administration is used to deliver 
a peptide or peptidomimetic analog of EPO. m another 
embodiment, intranasal administration is used to deliver 
a peptide or peptidomimetic analog of IGF-I. in a 
further embodiment, intranasal administration is used to 
deliver a peptide or peptidomimetic analog of EPO and a 
peptide or peptidomimetic analog of IGF-i. m further 
embodiments,, the peptide or peptidomimetic analogs of EPO 
administered intranasally have a length of up to 50 
25 residues, 40 residues, 30 residues, 25 residues. 20 

residues, 15 residues, 12 residues or 10 residues. In 
yet further embodiments, the peptide or peptidomimetic 
analogs of IGF administered intranasally have a length of 
up to 50 residues, 40 residues, 30 residues, 25 residues 
30 20 residues, 15 residues, 12 residues or 10 residues. 

Intranasal administration of EPO or IGF-I, or a 
peptide or peptidomimetic of one of these factors, can 
bypass the blood-brain barrier and thereby deliver the 
therapeutic agent to the brain. As an example, Liu et 
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al., J. Neur. .qri 187:91-97 (2001), demonstrate that 
recombinant human IGF- I can protect against focal - 
cerebral ischemic damage when administered intranasally 
Intranasal administration can be accomplished by routine 
5 methods, for example, using a Rhinule (Ferring; Germany) 
to blow a liquid substance containing the desired active 
ingredients into each nostril (Pietrowsky et al Biol 
PsyclL. 39:332-240 (1996)). The Rhinule is a small, 
flexible tube with a tip on one end that allows one to 
10 deliver a defined volume of 0.2 ml of a liquid substance 
into a nostril. Additional means of intranasal 
administration, including the use of nose drops (Liu et 
al.,- supra, 2001), also are encompassed by the methods of 
the invention. Nasal formulations of EPO, IGF-I or both 
15 can be prepared by routine methods. As an example, a ' 
nasal formulation of IGF-I can contain 0.1-10% IGF-I and 
0.05 to 2.0% by weight carboxyvinyl polymer. 

Any of the methods of the invention can include 
the additional step of expressing in the neuronal cells, 
or in neuronal precursor cells as described further 
below, one or more nucleic acid molecules encoding gene 
products that are therapeutically useful. As an example 
for treatment of Parkinson' s disease, a neuronal cell or' 
neuronal precursor cell can express, for example, a 
25 nucleic acid molecule encoding the catecholamine enzyme 
tyrosine hydroxylase, thereby increasing dopamine-fi- 
hydroxylase activity upon intracerebral grafting (Jiao et 
al.. Nature 362:450 {I993) ; see, also, Dhawan et al 
S£i^ 254: 1509 (1991); and Barr and Leiden, Science 
30 254:1507(1991)). Similarly, for treatment of 
Alzheimer's disease, a neuronal cell or neuronal 
precursor cell can express a nucleic acid molecule 
encoding nerve growth factor, thereby promoting cell 
survival of the cholinergic neurons that are typically 
35 lost in Alzheimer's disease (Rosenberg et al.. Science 
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242:1575-1578 (1988)). In a similar manner, a neuronal 
cell or neuronal precursor cell can be engineered to 
express encephalin for treatment of neuropathic disorders 
involving intractable pain. One skilled in the art 
5 recognizes that these and other combinations are 
encompassed by the methods of the invention. 

A neuronal cell or neuronal precursor cell 
further can be engineered to express one or more 
anti-apoptotic gene products including, without 

10 limitation, members of the Bcl-2 family such as Bcl-2 and 
Bcl-X, and members of the inhibitor of apoptosijs (lAP) 
family such as c-IAP-l, c-IAP-2, XIAP or NIAP ( (Anderson > 
Trends Pharm Sri 18:51 (1997); Gross and et al.. Genes 
Dev^ 13:1899-1911 (1999); and Deveraux and Reed, SgQgs 

15 Dev^ 13:239-252 (1999)). 

In any of the methods of the invention, the 
neuronal cells or neuronal precursor cells optionally can 
be treated to promote cell survival. In one embodiment, 
mature neuronal cells are treated with a p38 inihibitor! • 
20 In another embodiment, neuronal- cells or neuronal 

precursor cells are treated to inhibit caspase activity. 
A variety of caspase . inhibitors are useful in the 
invention including, for example, nucleic acids, 
polypeptides, peptides, peptidomimetics and non-peptide 
25 inhibitors such as small molecule drugs known in the art. 
As used herein, the term "caspase inhibitor" means any 
molecule that binds to and inhibits the activity of one ' 
or more caspases. Caspase inhibitors useful in the 
methods of the invention generally are cell permeable and 
30 have inhibitory activity in vivo and include viral and 
cellular gene products as well as synthetic inhibitors 
such as synthetic small molecules (Ekert et al., cell 
Death and Differentia hi nr. • i noi -f ^f^^; (1999)). 



wo 03/103608 

PCT/US03/1864S 

57 

A caspase inhibitor can be a general 
(non-selective) caspase inhibitor or can be a selective 
caspase inhibitor. Selective inhibitors are those 
inhibitors which do not inhibit non-caspase cysteine 
5 proteases or serine proteases. Non-selective caspase 
inhibitors, which also inh.ibit one or more non-caspase 
protease inhibitors, include, for example, the cysteine 
. protease inhibitor iodoacetamide . A caspase inhibitor 
also can be selective for one or more specific caspases 
A caspase inhibitor can selectively inhibit caspase-3 or 
caspase-7 or a combination thereof and can be combined, 
for example, with any form of EPO or IGF or an active 
fragment or analog thereof disclosed herein or known in 
the art. Caspase inhibitors selective for caspases-3 
and -7 include non-peptide inhibitors such as isatin 
sulfonamides (see, for exan5>le. Lee et al., j. sim 
Chem. 275:16007-16014 (2000)). A selective caspase 
inhibitor also can be selective for caspase-3, caspase-6 
caspase-7 or caspase-8, or any combination thereof, and 
can be combined, for example, with any form of EPO and 
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A caspase inhibitor can be, for example, the' 
cytokine response modifier A (CrmA) polypeptide, or an 
encoding nucleic acid molecule, which inhibits 
caspases -i and -8; or the p35 baculovirus protein, or an 
encoding nucleic acid molecule, which inhibits 
caspases-1, -3, -6, -7, -8 and -10 but does not inhibit 
non-caspase cysteine proteases or. serine proteases (Clem"" 
etal.. Sci^ice 254:1388-1390 (1991)). A caspase 
inhibitor also can be an inhibitor of apoptosis protein 
(lAP) or an encoding nucleic acid molecule. lAPs useful 
as caspase inhibitors in a method of the invention 
include XIAP and Survivin. 
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A caspase inhibitor also can be a synthetic 
caspase inhibitor such as a pseudosubstrate which acts ,as 
a reversible or irreversible competitive inhibitor of one 
or more caspases. Active site mimetic peptide ketones 
5 are useful, for example, as selective caspase inhibitors. 
Such caspase inhibitors include, for exanple, 
benzylcarbonyl I z) -VAD-fluoromethylketone (fmk) , 
z-VAD-fmk/chloromethylketone (CMK) , z-DEVD-fmk/cmk; and * 
z~D-cmk. Additional caspase inhibitors include the 

10 halomethyl ketone-linked peptide YVAD, Ac-WEHD-CHO, 

Ac-DEVD>CHO, Ac-YVAD-CHO, t-butoxycarbonyl-IETD-CHO, and 
t-butoxycarbonyl-AEVD-CHO (Ekert et al . , supra, 1999),.- 
The skilled person understands that these and other 
caspase inhibitors known in the art can be useful in the 

15 methods of the invention. See, for example, Nicholson, 
Nature 407:810-816 (2000); WO 00/55114; and Garcia-Calvo 
al., J. Biol. Chem 273:32608-32613 (1998)). 

As disclosed herein, EPO or an active fragment 
or analog thereof can cross the blood-brain barrier 

20 following intranasal administration, whereby unwanted 
systemic effects such as increased hematocrit can be 
avoided. In particular, intranasally applied 
• radiolabeled EPO migrated into olfactory tissue and was 
observed in the rostral migratory stream (RMS) . 

25 Furtheiiaore, autoradiography demonstrated that 

radiolabeled erythropoietin accxamulated in brain tissue 
when applied intranasally. These results demonstrate 
that intranasal administration can be used to deliver 
erythropoietin and active fragments and analogs thereof 

30 to the brain, for example, via the rostral migratory 

stream. These results further indicate that intranasal 
administration of . EPO, or active fragments or analogs 
thereof, can be useful for treating neurologic conditions 
such as stroke or neurodegenerative conditions while 
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avoiding side effects associated with chronic systemic 
erythropoietin administration. 

Thus, the present invention provides a method 
of preventing or reducing the severity of a neurologic 
5 condition in a subject by intranasally administering to 
the subject EPO or an active fragment or analog thereof, 
thereby preventing or reducing the severity of tl;ie 
neurologic condition. m one embodiment, the EPO or an 
active fragment or analog thereof is administered at a 
10 dose of at most 2000 U/kg. 

A variety of forms of erythropoietin, as well 
as active fragments and analogs thereof, can be 
administered intranasally in the methods of the 
invention. In one embodiment, a method of the invention 
15 is practiced by intranasal administration of EPO or an 
active fragment thereof, for example, by intranasal 
administration of human EPO or an active fragment 
thereof. In another embodiment, a method of the 
invention is practiced by intranasal administration of an 
20 EPO analog, which can be, without limitation, a peptide, 
peptidomimetic, small molecule or nucleic acid EPO 
•analog: In further embodiments, a method of the 
invention is practiced by intranasal administration of an 
EPO analog that includes the amino acid secjuence 
25 CSGTYSCHPGPLIWCKPQGG (SEQ ID NO: 7); GGDYHCRMGPLTWVCKPLGG 
(SEQ ID NO: 8); GGVYACRMGPITWVCSPLGG (SEQ ID NO: 9) ; 
VGNYMCHFGPITWVCRPGGG (SEQ ID NO: 10) ; 

GGLYLCRPGPVTWDCGYKGG (SEQ ID NO: 11),' or GGCRIGPITWVCGG 
(SEQ ID NO: 12) . 

^° another embodiment, a method of the 

invention is practiced by intranasal administration of 
EPO, or an active fragment or analog thereof, which has 
at least 10 -fold higher affinity for the EPO receptor 
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than native human EPO. In another embodiment, a method 
of the invention is practiced by intranasal 
administration of EPO or an active fragment or analog 
thereof which is oligomeric, for example, dimeric. As an 
5 example, such a dimeric form of EPO can be a dimer in 

which each monomer contains the amino acid sequence 
■ GGTYSCHFGPLTWCKPQGG (SEQ ID NO: 7). In further 

embodiments, the invention is practiced with EPO or an 
active fragment or analog thereof 'that has a half-life 
10 greater than the half-life of native human EPO, or with 
EPO or an active fragment or analog thereof that is 
hyper-glycosylated compared to native human EPO, for 
example. - Darbepoietin. m any embodiment of the 
invention involving intranasal administration of EPO or 
15 an active fragment or analog thereof, soluble EPO 

receptor can be optionally included, for example, to 
prolong the half-life of EPO or the active fragment or 
analog thereof. 

1 

It is understood that any of a variety of acute 
20 and chronic neurologic conditions can be treated by 

intranasal acJministration of EPO, or an active fragment 
or analog thereof, in a method of the invention.. Such 
neurologic conditions include, for example, stroke and 
neurodegenerative disorders. The methods of the 
25 invention which rely on intranasal administration of EPO 
or an active fragment or analog thereof can be useful for 
preventing or reducing the severity of neurologic 
conditions such as, without limitation, stroke, head or " 
spinal cord trauma, Alzheimer's disease, Parkinson's 
30 disease. Huntington's disease, epilepsy, amyotrophic 
lateral sclerosis, multiple sclerosis, a movement 
disorder, dementia, HIV-associated dementia, 
fronto-teraporal dementia, HIV-associated neuropathy 
chronic pain, neuropathic pain, migraine, glaucoma. 'drug 
35 addiction, drug withdrawal, drug dependency, depression 
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and anxiety. One skilled in. the art understands that 
these and other acute and chronic neurologic conditions 
can be treated by intranasal administration of EPO or an . 
active fragment or analog thereof according to a method 
5 of the invention. 

Intranasal administration can be accomplished 
by any method wherein the EPO or an active fragment or 
analog thereof is introduced via the nasal cavity, with 
or without enhancers or mechanical devices such as a 

10 Rhinule (Pietrowsky et al , , supra, 1996). One skilled in 
the art understands that nose drops can be useful for 
intranasal administration, as can other nasal 
formulations including polymers and formulations as 
described in Shimoda et al . , Biol. Pharm. Bull. 

15 18:734-739 (1995) . 



The present invention also provides a method of 
differentiating neuronal precursor cells to produce an 
enriched neuronal cell population by contacting- the 
neuronal precursor cells with EPO or an active fragment 

20 or analog thereof; and contacting the neuronal precursor 
cells with IGF-I or an active fragment or analog thereof, 
• thereby dif f erentiatfing the neuronal precursor cells to 
produce an enriched cell population containing at least 
70% neurons. In particular embodiments, a method of the 

25 invention produces an enriched cell population containing 
at least 80% neurons, at least 90% neurons or at least 
95% neurons. If desired, the neuronal precursor cells 
further can be contacted with a differentiating agent, 
for example, retinoic acid. In particular embodiments, 

30 the invention is practiced by contacting the neuronal 
precursor cells with a concentration of at most 
2000 U/ml, 1500 U/ml, 1000 U/ml, 750 U/ml, 500 U/ml, 250 
U/ml, 100 U/ml or 50 U/ml EPO or active fragment or 
analog thereof. 
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Neuronal precursor cells useful in the methods 
of the invention can be, for example, human stem cells; 
embryonic stem cells such as human embryonic stem cells ; 
or hematopoietic neuronal precursor cells such as human' 
5 hematopoietic stem cells. Neuronal precursor cells 
useful in the methods of the invention also can be, ^ 
without limitation, selected CD133 -positive (AC133- 
positive); CD133-positive/CD34-positive,- CD133 -positive/ 
CD34rnegative; CD133-positive/CD34-negative/ 
10 CD45-negative; CD34-negative/CD38-negative/Lin-negative,- 
or CD34-positive/CD38-negative/Lin-negative/ 
Thy- 1 -negative human neuronal precursor cells. 

A method of the invention for differentiating 
neuronal precursor cells can further include the step of 
15 introducing into the neuronal precursor cells a nucleic 
acid molecule encoding a MEF2 polypeptide or an active 
fragment thereof. Such a MEF2 polypeptide can be, for 
example, human MEF2C, or an active fragment thereof, and 
further can be, if desired, a cons ti tut ively active MEF2 
20 polypeptide such as a MEF2/VP16 fusion protein or a 

constitutively active MEF2 polypeptide containing one or 
more serine/ threonine to aspartic acid/glutamic acid 
substitutions in the MEF2 transactivation domain. A 
method of the invention also can include, if desired, the 
25 step of inhibiting caspase activity; treating with a 
protective factor such as minocycline or another 
tetracycline derivative; or expressing a Bcl-X, family 
member in the neuronal precursor cells, for example, to 
prolong survival during subsequent transplantation. 



30 



As used herein, the term "MEF2 polypeptide" 
means a polypeptide that has MEF2 DNA binding activity in 
addition to activity as a transcriptional activator and 
includes polypeptides having substantially the amino acid 
sequence of MEF2A, MEP2B, MEF2C or MEF2D. Thus, a MEF2 
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polypeptide can have, for example, substantially the 
amino acid sequence of human MEF2A; human MEF2B; human 
MEF2C; or human MEF2D. A MEF2 polypeptide includes a 
MADS domain, a MEF2 domain and a transcriptional 
5 activation domain. It is understood that, while the MADS 
domain and MEF2 domains of a MEF2 polypeptide will be 
sxmilar in structure to the MADS domain and MEF2 domain 
of a naturally occurring MEF2 polypeptide such as human ' 
MEF2C, the transcriptional activation domain of a MEF2 
10 polypeptide may be structurally unrelated and can be for 
example, a synthetic transcriptional activation or a 
heterologous transcriptional activation domain derived 
for example, from VP16 or GAL4 . One skilled in the art 
appreciates that a fragment of a MEF2 polypeptide that 
15 retains MEF2 DNA binding activity and transcriptional 
activity also can be useful in the methods of the 
invention. 

The term MEF2 polypeptide encompasses a 
polypeptide having the sequence of a naturally occurring ' 
20 human MEF2A polypeptide (GenBank accession NM 005587) 
rxaturally occurring human MEF2B polypeptide (GenBank ' 
accession NM 005919) , naturally occurring human MBF2C 
•polypeptide (GenBank accession L08895) or naturally 
occurring human MEF2D polypeptide (GenBank accession NM 
25 005920) and is intended to include related polypeptides ' 
having substantial amino acid sequence similarity to one 
of these polypeptides. Such related polypeptides 
typically exhibit greater sequence similarity to hMEF2A ' 
hMEP2B, hMEF2C or hMEF2D than to other MADS box proteins 
30 such as serum response factor (SRF) and include species 
homologs such as primate, mouse, rat and D. rerio 
homologs, alternatively spliced forms, and isotype 
variants of human MEF2A, MEF2B, MEF2C and MEF2D. 
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Induction of the MEF2 pathway also can be 
achieved using a MEF2 activator, which is a small 
molecule that results in increased expression or activity 
of a MEF2 polypeptide or which is a mimetic of MEF2 
5 function. A MEF2 activator can result in increased 

expression or activity of one or iiore MEF2 polypeptides, 
for example, may result in increased expression or 
activity of MEF2C without effecting expression or 
activity of MEF2A, MEF2B or MEF2D. Such a MEF2 activator 
10 can be an organic chemical, drug, nucleic acid molecule, 
peptide, peptidoraimetic, polypeptide or other naturally' 
or non-naturally occurring organic molecule, and can be, 
for example, a MEF2 mimetic. Exemplary MEF2 activators' 
are transcription factors that upregulate MEF2 
15 expression, molecules that compete. for binding to a MEF2 
inhibitor such as Cabinl, histone deacetylase inhibitors 
including, but not limited to, VX-563 (Vertex 
Pharmaceuticals; Cambridge, MA), and kinases that 
activate MEF2 polypeptides such as p38a. it is 
understood that a MEF2 activator can be useful in any of 
the methods of the invention disclosed herein. 



20 



A variety of differentiating agents optionally 
■ are useful in the methods of the invention including, for 
example, retinoic acid. Other differentiating agents 
25 useful in a method of the invention include, without 
limitation, neurotrophic factor 3, epidermal growth 
factor, IGF-I, platelet-derived growth factor and other 
agents that increase cAMP. 



30 



A method of the invention for differentiating 
neuronal cells optionally includes the step of 
transplanting into, a subject cells treated to induce the 
EPO and IGF pathways. In a method of the invention, 
.cells can be transplanted, for example, into the brain, 
eye (retina) or spinal cord after neuronal injury or 
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damage. Thus, cells treated to induce the EPO and IGF 
pathways can be transplanted into a subject having or at 
risk of, for example, stroke or a neurodegenerative 
disease such as Alzheimer's disease; Hvmtington' s 
5 disease; amyotrophic lateral sclerosis; Parkinson's • 
disease; epilepsy; brain or spinal cord trauma; multiple 
sclerosis; optic neuropathy such as glaucoma, macular 
degeneration, or light-induced retinal degeneration such 
as photoreceptor degeneration; infection of the central 
10 nervous system; multiple system atrophy affecting the 
brain; or another acute or chronic neurodegenerative 
condition. Upon transplantation, the cells begin to 
differentiate or continue differentiating to produce a 
cell population containing protected neuronal cells. 



15 



20 



Cells can be transplanted into a subject, for 
ekample, into the eye, brain or spinal cord using well 
known methods for transplanting or "grafting", neurons as 
described, for example, in McDonald et al . , Nat. Med. 
5:1410-1412 (1999), and summarized in Dunnett et al., 
Brit. Med. Bulletin 53:757-776 (1997). Methods for 
preventing or ameliorating rejection, for example, using 
cyclosporine A treatment, also are known in the art. 

Those skilled in the art vmderstand that the 
steps of inducing the EPO pathway, inducing an IGF 

25 pathway, and optionally contacting the neuronal precursor 
cells with a differentiating agent can be performed in 
any order or simultaneously. it further is understood ' 
that a neuronal precxirsor population in which the EPO and 
IGF pathways have been induced can be transplanted into a 

30 subject prior to, during or after differentiation of the 
neuronal precursor cells into neuronal cells. In one 
embodiment, cells are transplanted prior to or during 
differentiation. Where cells are transplanted prior to 
differentiation, the neuronal environment can drive the 
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cells into the desired neuronal cell type due to the 
presence of the appropriate environmental cues. In view 
of the above, it is clear that differentiation can occur 
in vitro or in vivo, or can occur partially in vitro and 
5 partially in vivo. 

As used herein in reference to a neuronal cell,- 
the term -protected" means a cell that is more resistant' 
to injury, apoptosis or cell death than a cell in which 
EPO and IGF pathways have not been induced, or in which 

10 these pathways have been induced to a lesser extent. 
Thus, a population containing protected neuronal cells 
can exhibit reduced apoptosis as compared to a population 
that does not contain -protected" neuronal cells. Assays 
for determining the extent of apoptosis are known in the 

15 art, as described hereinabove. 

It is understood that a method of the invention 
can be used to produce a population that contains 
protected neuronal cells and in which a large proportion 
of the cell population is neuronal. For example, a 
method of the invention can be used to produce a cell 
population containing, for example, at least 50% neuronal 
cells. In other embodiments, the population produced 
includes at least 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 
95% or more neuronal cells. The proportion of neuronal ' 
25 cells can be determined by assaying for one or more 

characteristic neuronal markers such as the presence of 
NeuN, neurofilament or MAP2. 



20 



The methods of the invention for 
differentiating neuronal precursor cells can include, if 
desired, contacting the neuronal precursor cells with a 
differentiating agent. As used herein, the term 
"differentiating agent" means a naturally occurring or 
synthetic cytokine, growth factor or other compound that 



10 
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causes or enhances a neuronal precursor cell to have one 
or more characteristics of a neuronal cell. A 
differentiating agent useful in the invention can be, for 
example, a retinoic acid such as all -trans retinoic acid; 
5 neurotrophic factor 3 (NT3); epidermal growth factor • • 
(EGF); EPO; IGF- I; platelet derived growth factor (PDGF) , 
or a combination of two or more of these factors. For 
example, EGF, IGF- 1 and PDGF can be used together as a 
differentiating agent-. Basic fibroblast growth factor 
(bPGF) or another factor that enhances proliferation of 
precursor cells optionally can be used prior to treating 
with a. differentiating agent such as EGF, IGF- I and PDGF. 
One skilled in the art understands that, if desired, one 
. or more factors such as brain-derived neurotrophic factor 
15 (BDNF) also can be added to promote neuronal cell 
survival. A neuronal precursor cell also can be 
engineered to express one or more factors that, promote 
differentiation including, for example, MEF2, neuroD, 
neuroD2, neuroDB, neurogeninl / neurogenin2, neurogenin3, 
MATHl or MATH2 (Lee, Curr. Ooin . Neurnhif^l 7:13-20 
.(1997) ) . Such a factor can be expressed instead of or in 
addition to application of an extrinsic differentiating 
agent . 

As used herein, the term "neuronal precursor 
25- cell" means any cell that is not a neuron but which is 
capable of differentiating into a neuron under the 
appropriate conditions. Neuronal precursor cells can be 
raultipotent or unipotent and can be stem cells, precursor . 
cells, primary cells or established cells. Neuronal 
30 precursor cells such as stem cells generally can be 
distinguished from neurons in that they lack" neuronal 
markers such as the nuclear protein NeuN, neurofilament 
and microtubule-associated protein 2 (MAP2) as well as 
the neuronal- like processes characteristic of mature 
35 neurons. In one embodiment, the neuronal precursor cells 
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are primary cells, which is a well known term in the art, 
for cells which are derived directly from an organism and 
which have limited growth capacity in cultxire. 

A neuronal precursor cell useful in the 
5 invention can be multipotent or unipotent. As used 
herein in reference to a .neuronal precursor cell, the 
term "multipotent" is synonymous with "pluripotenf . and 
means a neuronal precursor cell capable of 
differentiating into two or more distinct lineages, 

10 including the neuronal lineage. Multipotent neuronal 
precursor cells such as stem cells, which are generally 
nestin-positive cells, are distinguished from unipotent 
precursor cells, which are generally Hu-positive cells. 
Expression of nest in and Hu can be determined, for" 

15 example, by well-established immunocytochemistry methods. 
A multipotent neuronal precursor cell is capable of 
differentiating into at least three or more, four or 
more, or five or more distinct lineages, including the- 
neuronal lineage. 

used herein, the term "stem cell" means a 
pluripotent cell type which can differentiate under the 
• appropriate conditions to give rise to all cellular 
lineages. Thus, a stem cell differentiates to neuronal 
cells, hematopoietic cells, muscle cells, adipose cells, 

25 germ cells and all other cellular lineages. A stem cell 
can be an embryonic stem cell, where the term 
"hematopoietic stem cell" is used, it is understood that" 
this term refers to cells that are committed to the 
hematopoietic lineage but which can differentiate to all 

30 cells of the hematopoietic lineage. 



As used herein, the term "embryonic stem cell" 
is synonymous with "ES cell" and means a pluripotent cell 
type derived from an embryo which can differentiate to 
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give rise to all cellular lineages. Examples of cell 
markers that indicate a human embryonic stem cell include 
the Oct-4 transcription factor, alkaline phosphatase 

TRA 1-60. and the GCm-2 epitope. E^„^ies of 
, 5 cell markers that indicate a differentiated neuronal cell 
including neurofilament proteins, (3-tubulin, Map2a+b 
synaptophysin, glutamic acid decarboxylase, .TuJl, SNAP 
• 25, transcription factor Bm-3, and GABA, a2 receptor 
subunit as described in Reublnoff et al., Nat. Biotech 
10 18:399-404 (2000); Ghosh and Greenberg. Neur^ 1S:89-1W 
(1995); Bain et al . , Bevel. Riot 168:342-357 (1995); and 
Williams et al., US}^' .18:552.-562 (1997). • 

Embryonic stem cells useful in the methods of 
the invention, can be obtained from a variety of sources ■ 
15 Embryonic stem cells can be obtained, for exan^le, from' • 
mice, cows, primates and humans by methods well known in 
the art. As an example, murine embryonic cells can be 
isolated from a mouse as described in Forrester et al 
■ Proc. Natl Arad. Sc1 tt<.a 88:7514-7517 (1991), or Bain 
2.0 et al.. Bevel. Ri o1 , 168 : 342-357 (1995). Briefly 
two-stage cell embryos are isolated from fertilized 
female mice about 45 hours after injection with human 
chorionic gonadotropin. The two blastomeres are fused by 
electrical impulse and cultured in M16 medium until the 
25 four cell stage is reached. The ES cells are grown on 
gelatin coated tissue culture flasks in DMEM • (DulbecC s 
modified Eagle's medium) containing high glucose and 1 mM 
glutamine (BRL) supplemented with 10% fetal bovine serum' 
10% newborn calf serum, nucleosides, lOGO units/ml 
30 leukemia inhibitory faptor, and O.i mM 2-mercaptoethanol. 

Embryonic stem cells also can be isolated from 
primates as described in Thomson (U.S. Pat # 5,843 780) 
Briefly, blastocysts are removed ftom fertilized female 
monkeys 6-8 days after onset of ovulation, treated with 
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pronase (Sigma) to remove the zona pellucida. rabbit" 
anti-rhesus monkey spleen cell .antiserum and guinea pig 
complement (Gibco BRL) , and washed- in DMEM. The inner 
cell mass (ICM) is removed from the lysed blastocyst with 
5 a pipette and plated on mouse gamma irradiated embryonic 
fibroblasts. After 7 to 21 days, the ICM derived masses 
are removed with a micropipet te, treated with 0.05% 
trypsin-EDTA (Gibco BRL) and 1% chicken serum, and 
replated on embryonic feeder cells . ' Colonies 
10 demonstrating ES morphology, characterized by compact 
colonies with a high nucleus to cytoplasm ratio and 
prominent nucleoli, are subcultured. The ES cells are 
divided, for example, by trypsinization or. exposure to- 
Dulbecco's phosphate buffered saline containing 2 mM EDTA 
15 every 1-2 weeks when cultures become dense. 

Embryonic stem-like cells also can be isolated 
from cows as described in Cibelli et al., Nat. Bi^*-'.r^>. 
16:642-646 (1998). Briefly, oocytes are removed from 
freshly slaughtered cows and placed in maturation medium 
20 M199 (Gibco) , 10% fetal calf serum (PCS) , 5 ug/ml bovine 
leutinizing hormone (Nobl) and 10 ug/ml pen-strep (Sigma) 
for 22 hours at 38.5°C. Oocytes are subsequently 
fertilized in vitro and cultured on mouse embryonic 
fibroblast feeder layers and CR2 with 6 mg/ml BSA until 
25 they reach the blastocyst stage. ES cells are isolated 
from the blastocyst by mechanical removal of the zona 
pellucida and trophoblast with a 22 gauge needle and 
placed under mouse embryonic fibroblast feeder layers for 
one week- A small colony of the resulting cell mass- is 
30 removed and cultured on top of a gamma irradiated mouse 
embryonic fibroblast feeder layer as cultures become 
dense . 



Embryonic stem cells also can be isolated from 
blastocysts as described in Reubinoff et al. 
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supra, 2000. Briefly, fertilized oocytes are cultured to 
the blastocyst stage and the zona pellucida digested by 
pronase (Sigma) . The inner cell ^ss is removed by 
xnnnunosurgery with anti-human serum antibody (Sigma) and 
5 exposure to Guinea pig complement (BRL) , and cultured on 
a mxtomycin C mitotically inactivated mouse embryonic 
feeder cell layer in DMEM (BRL) supplemented with 20% 
fetal bovine serum (Hyclone) , o.l mM 2-mercaptoethanbl 
1% non essential amino acids, 2 glutamine, 50 units/ml 
10 penicillin and 50 ug/ml streptomycin (BRL) and 2,000 
unxts/ml recombinant leukemia inhibitory factor Cell 
mass clumps are removed with a micropipette and replated 
on fresh feeder layer every six to eight days.- 

I 

Human stem cells can be obtained, for example, 
15 from cord blood, which is highly enriched in primitive 
•cells and contains a CD13 3 -positive/CD34 -positive 
population. These cells can be efficiently isolated by 
methods well known in the art, for example, the Miltinyl 
MACS system. if desired, the CD133 -positive/ 
20 CD34-positive population can be expanded by culturing in 
vitro with Flt3L . TPO to produce as much as an 160-fold 
expansion in long-term culture potential and a 2 x 10« 
• fold expansion in the number of neuronal precursor cells. 

Human neuronal precursor cells useful in the 
25 invention include human embryonic stem cells, human . 
hematopoietic stem cells and other neuronal precursor 
cells isolated from adult human blood or from cord blood"' 
Of newborn infants, a neuronal precursor cell population 
can be enriched, for example, in CD133 
30 (AC133)-positive/CD34-positive or CD133 -positive/ 

CD34-negative neuronal precursor cells. Such enriched 
neuronal precursor cells can be isolated, for example 
wxth magnetic-activated cell sorting, fluorescence- 
activated cell sorting (facs) , or related methods well 
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known in the art as described further below, it further 
is understood that in vitro expansion of neuronal 
precursor cells such as human stem cells can be 
performed, if desired, in the presence of one or more of 
5 the following factors: SCF, IL-3, IL-6, flt3L, LIF, 
IL-ll, TGF-(3, TPO, and bFGF, which are commercially 
available, for example, from Biosource {Camarillo, CA) , 
R&D Systems (Minneapolis, MN) and Chemicon (Temecula,' 
CA) . Various protocols for expansion and useful. 
10 concentrations of particular factors are well known in 
the art. 

Human neuronal precursor cells can be obtained, 
for example, from peripheral blood. Donors can be 
treated with recombinant human G-CSF (rhG-CSF) . such as 
15 Neupogen (Amgen; Thousand Oaks, CA) , or recombinant human 
GM-CSF (rhGM-CSF) , such as Leukine (Immunex; Seattle, 
WA) , or both. The human neuronal precursor cells ca^ be 
primitive cells characterized as CD34+, Thy-/dim, CD38- 
which can be obtained,, if desired, from G-CSF or GM-CSf' 
20 treated to donors to increase long-term culture 

potential. Apheresis can be used to collect white blood 
cells, for example, four to five days following treatment 
- with G-CSF, GM-CSF or a combination of G-CSF and GM-CSF 
generally yielding 4 x 10« CD34-positive cells per 
25 kilogram of body weight. 

A Ceprate SC immunoaf f inity column commercially 
available from Cellpro (Bothell, WA) can be used to 
isolate a CD133 -positive neuronal precursor cell 
population. The desired cell population binds the column 
matrix via a biotin conjugated antibody linked to the 
column matrix and is released by mechanical shaking. 
Ceprate SC immunoaf f inity can be used to yield about 50% 
CD34 -positive cells with about 16-99% purity. 
CD133-positive human neuronal precursor cells also can be 
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isolated, for example, using an Isolex 300 magnetic cell 
separator (Baxter Healthcare Corporation; Deerfield, IL) , 
which relies on mouse monoclonal IgGl antibodies and 
magnetic beads coated with anti -mouse IgGl antibody. 
5 Release of the precursor cells by peptidase treatment 

yields about 50% CD34 -positive cells with 33-100% purity. 

Additional art -accepted procedures for 
isolation of human stem and other neuronal precursor 
cells include the magnetic activated cell sorting system 
(MACS) commercially available from Miltenyi Biotech 
(Auburn, CA) and fluorescence -activated cell sorting 
(FACS). In the MACS sorting system, small magnetic beads 
coated with secondary antibody are. bound to the primary 
antibody- treated cells and retained on a ferromagnetic 
15 matrix column by a strong magnet . Cells are released by 
removal of the magnet to give greater than 50% recovery 
and greater than 90% purity of the desired cells. 
Fluorescence-activated cell sorting (FACS) is a well 
known method whereby cells are selected by attachment of 
20 fluorescent -conjugated antibodies to give greater than 
90% purity of the recovered stem or other neuronal j 
precursor cells. If desired, isolated stem or other 
- neuronal precursor cells can be assayed for the ability 
to repopulate bone marrow of a .sublethally irradiated 
25 nonobese diabetic/severe combined immunodef icient 

(NOD-SCID) mouse using methods well known in the art, as 
described, for example, in Miyoshi et al.. Science 283: 
682-686 (1999) . 

Human CD34 -negative bone marrow, cells such as 
30 CD133-positive/CD34 -negative cells or CD133 -positive/ 
CD34 -negative/Lin-negative cells can be useful in the 
methods of the invention. Such cells can be, for 
example. CD34-negative/Lin-negative cells, which can have 
characteristics of stromal cells and are capable of 
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repopulating the bone marrow of NOD/SCID mice following 
sublethal irradiation. Methods of preparing neuronal 
precursor cell populations enriched for particular 
markers are well known in the art. As an example, 
5 CD133--positive/CD34-positive hematopoietic stem and other 
neuronal precursor cells can be prepared as set forth in 
Yin et al.. Blood 90:5002-5012 (1997); CD13 3 -positive/ 
CD34-negative/CD45-negative neuronal precursor cells 
cells can be prepared as described, for example, in 
Uchida et al., Proc. Natl. Acad. Sci . . USA 97:14720-14725 
(2000) ; and CD34-negative/CD38 -negative/Lin-negative 
human hematopoietic stem cells and CD34-positive/ 
CD38-negative/ Lin-negative/Thy-l-negative hematopoietic 
stem cells can be prepared, for example, as described in 
15 Bhatia et al,. Nature Medicine 4:1038-1045 (1998). 

In the methods of the invention, neuronal 
precursor cells such as embryonic stem cells can be 
contacted with a differentiating agent to induce 
differentiation of the cells along the neuronal pathway. 

20 Methods for differentiating embryonic stem cells by 
growth of the cells to high density are described in 
Reubinoff et al . , supra, 2000. Methods differentiating 
• expanded CNS cells- by initial growth in the presence of a 
mitogen such as basic fibroblast growth factor (bFGF) 

25 followed by removal of bFGF are described in Johe et al.*, 
Genes Develop. 10:3129-3140 (1996). Induction of 
neurogenesis by addition of growth factors can be 
achieved with platelet derived growth factor (PDGF) such* 
as PDGF-AA, PDGF-AB or PDGF-BB administered in the 

30 absence of bFGF as described in Johe et al., supra, 1996. 
Induction of neuronal differentiation also can be 
achieved in vitro by removal- of fibroblast growth 
factor-2 and subsequent addition of insulin like growth 
factor- 1, heparin or neurotrophin-3 as described in 

35 Brooker et al., J. Nerosci. Res. 59:332-341 (2000) and 
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Ghosh and Greenberg, ,S:89-103 (isss) , addition of 

Platelet-derived growth factor as described in Williams 
et al.. Neuron 18:553-562 (1997); addition of 

5 briri"'''' in combination with 

brain derxved neurotrophic factor as described in 

Arsenijevic and Weiss, J_Neurosci^ 18:2118-2128 (1998)- 

and exposure to retinoic acid as described in Bainet ' 

al-, Pevel. Riol _ 168;3>42-357 (1995). 

The following examples are intended to 
10 illustrate but not limit the present invention. 

EXAMPLE I 

. CO«BIK,TTO„ WT^ jgp.l pp., ^, 

BEFORE WBTTPn-Pn-r-r r; ly.gnr.T 

15 This example demonstrates that simultaneous 

application of EPO and IGP-I at the time of neurotoxic 
xnsult effectively reduces apoptosis of mature neurons in 
rat primary cerebrocortical cultures exposed to NMDA. 

, ""^^ neuroprotective effects of concurrent EPO 

20 and IGF-I administration were compared to individual 
treatment with EPO or IGP-I in rat primary 
. cerebrocortical cultures. Incubation of the cultures 
with 200 m NMDA for 20 minutes induced death only in ' 
neurons in.the mixed neuronal/glial cultures as reported - 
25 previously (Bonfoco et al., supra, 1995). 

Neuronal apoptosis was quantified by double 
labeling for TUNEL reactivity, which in conjunction with 
condensed morphology is indicative of apoptosis, and the 
neuron-specific protein microtubule associated protein-2 
30 (M.P2) IS hours after KMBA insult. .3 shown in Pig^:: 3 
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a brief 20 minute exposure to NMDA produced an.apoptotic 
appearance and TUNEL reactivity in 76±7% of MAP2-labeled 
neurons. Preincubation for three hours with either EPO 
(10 U/ml) or IGF-I (100 ng/ml) alone significantly 
5 attenuated neuronal apoptosis (p < 0.05). The EPO and 
IGF-I doses assayed represent maximally effective 
concentrations of these factors as previously determined 
from dose-response curves (Heck et al., Biol. Cht^m 
274:9828-9835 (1999); and Digicaylioglu and Lipton, 
10 Nature 412:641-647 (2001)). Control incubations with 
IGF-1 or EPO in the absence of NMDA exposure did not 
affect neuronal viability. 

As expected, treatment of neurons with EPO or 
IGF-I individually at the time of NMDA insult did not 

15 significantly reduce cell death (see Figure' 3) . in 

contrast, application of EPO together with IGF-I at the 
time of -NMDA exposure was about as effective in 
preventing apoptosis as a three hour preincubation with 
both factors either alone or together. In particular, 

20 modest, 5-10%, reductions in neuronal apoptosis were seen 
with either EPO or IGF-I alone, while about 50% neuronal 
apoptosis was suppressed with combined EPO and IGF-I 
treatment at the time of NMDA insult. These results 
demonstrate that signal transduction pathways activated 
25 by IGF-I and EPO converge to promote more rapid 

neuroprotection than either factor mediates in the 
absence of the other. These results further indicate 
that IGF- I and EPO synergize to mediate acute 
neuroprotection . 



30 



For these experiments, mixed neuronal /glial 
cerebrocortical cultures were prepared as described 
previously (Bonfoco et al., supra, 1995); Lei et al., 
NsiiEon 8:1087-1099 (1992); and Lipton et al.. Nature ' 
364:626-632 (1993)). In brief, cortical tissue from 



wo 03/103608 

j PCT/US03/18645 

77 

embryonic day 16 Sprague-Dawley rats was dissociated in 
0.5% trypsin and plated on poly-L- lysine coated glass ' 
coverslips at a density of 10' cells per 35 rm culture 
dxsh xn serum-containing medium. Prior to experimental 
5 use, cerebrocortical neurons were kept at 37oC and 5% CO 
for at least 17 days to permit full expression of NMDA ' 
receptors (Lei et al... supra, 1992; and Lipton et al., 
supra, 1993) . 

EPO and IGF-I incubations were performed 
10 essentially as follows. 'Human recombinant EPO purchased ' 
from Amgen .{Bpoietin.alfa, 2Q00 lU/ml) was diluted in " 
cell culture medium to a final concentration, 
of 5-10 U/ml. Insulin-like growth factor-I (IGP-I) 
(Calbiochem; La Jolla, CA) was diluted in cell culture 
15 medium to a final concentration of 50-100 ng/ml. • 

NMDA incubations were performed as follows 
Cerebrocortical cultures were exposed to 200 NMDA in 
nominally Mg--free Earle's Balanced Salt Solution (BBSS) 
containing 1.8 mM CaCl, and 5 pM glycine for 20 minutes ' 

20 After NMDA exposure, cultures were washed with EBSS and 
then placed in conditioned tissue culture medium filtered 
■wath a 0.>pM Acrodisk filter ( Perkin- Elmer ; Wellesley 
MA) to remove activated microglia, where indicated, EPO 
IGF-I or both EPO and IGF-I were, added to the conditioned 

25 medxa. 



Detection of apoptotic neurons was performed ' 
essentially as follows. After experimental incubation 
cerebrocortical cultures were fixed in PBS (150 mM NaCl 
1.7 mM monobasic sodium phosphate, 9.1 mM dibasic sodium 
30 phosphate) with 4% paraformaldehyde, and permeabilized in 
PBS containing 1% Tween-20. Apoptotic cells were 
identified by condensed morphology in conjunction with 
TUNEL using the Apoptosis Detection System (Promega- 
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Madison, WI) . cultures were labeled according to the 
manufacturer's protocol using FITC-labeled 12-dDTP to 
visualize DNA strand breaks . 



10 



In order to specifically evaluate neuronal 
apoptosis in cerebrocortical cultures, neurons were 
•double^labeled for TUNEL reactivity and MAP2 16 hours 
after NMDA insult. mP-2 staining was performed 
essentially as described in Budd et al., Proc. m.m 
^^^^^-^^1^^97:6161-6166 (2000) . Apoptotic neurons 
were identified using a Zeiss inverted Axiovert 
microscope equipped with camera and software for 
deconvolution (Intelligent Imaging Innovations; 
Denver, CO) , 



' EXAMPLE II 

" . ^"-^^^^^-^^ imOUIRKD FOR NETTPOPPn^n^^Tmr 

BY EPQ AND IGP-T 

This example demonstrates that the PI3 kinase 
can play a role in mediating the neuroprotective effects 
of EPO and IGF- I. 



PI3 -kinase is involved in IGP-I and' EPO 
signaling (Mayeux et al., supra, 1993; Kermer et al 
supra, 2000; and Damen et al., j. Biol. oH... 
270:23402-23408 (IS95) ) . In order to elucidate the role 
25 iL?"''""' neuroprotective effects of EPO and • 

IGF-I, rat cerebrocortical neurons were preincubated for' 
three hours with EPO, IGF-I, or EPO in combination with 
IGF-I (EPO/ICF-i) in the presence or absence of lo pM 
LY294002, a specific PiS-kinase inhibitor. As showTin 

30 (200 PM NMDA and 5 pM glycine for 20 minutes, decreHed 
xn cells preincubated with EPO, IGF-I or EPO/IGF-I. As 
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further shown in Figure 4, LY294002 abolished the 
neuroprotective effect of EPO and IGF-I either alone or 
m combination (p < 0.05) but did not itself causfe 
neuronal apoptosis in ^cerebrocortical cultures or 
5 increase the amount of apoptosis induced by NMDA These 
results indicate that PI3 -kinase activity is required for 
EPO- and IGF-l-mediated neuroprotection. 

For PI3 -kinase inhibition, cultures were 
prepared and incubated with NMDA alone, or with EPO or 
IGP-I individually, or EPO in coinbination with IGF-I, as 
described above. PI3 -kinase activity was inhibited " 
pharmacologically with lo LY294002 " (Calbiochem; San 
Diego, CA) dissolved in dimethylsulfoxide (DMSO, Sigma) ' 
and added to cultures 30 minutes prior to the addition of 
the indicated growth factor or factors. Neuronal 
apoptosis was assessed 16 hours after NMDA application by 
determining the percentage of MAP2 -positive cells that 
were also TDNEL positive, as described above. 

PI3-kinase is activated by phosphorylation of a 
20 P85 regulatory subuni.t, which leads to release of the 

catalytic subunit (Pleiman et al.. Science 263:1609-1612 
(1994)) . To determine if EPO or IGF-I induces 
phosphorylation of the p85 subunit of PI3-kinase, rat 
cerebrocortical cultures were treated with EPO or IGF-I 
25 for 10, 20 or 30 minutes, and protein lysates from these 
cultures analyzed by immunoblotting for the presence of 
phospho-p85. As shown in Figure 5B (upper and lower 
panels) , both factors induced p85 phosphorylation in a 
time-dependent manner. However, IGF-I incubation 
30 resulted in maximal phosphorylation of p85 subunit of 
PI3 -kinase after 10 minutes, whereas EPO- induced 
phosphorylation was observed after 20 to 30 minutes. 
Equal protein loading was confirmed by analyzing the 
amounts of total p85 with a second antibody. These 



30 



WO 03/103608 

PCTA/S03/18645 

80 

results indicate that EPO and IGF-I induce 
Phosphorylation of the p85 regulatory subunit of PI3 
kinase, with IGF-I activation occurring „K,re rapidly. 

In the murine interleukin-3-dependent cell ' 
ixne DA-3, liganded EPO receptor (EPO-R) has been shown 
to dxrectly associate with PI3-kinase (Damen et al 
sup.a. isssi He et al . , Bl^ 82:1609-1612 (19S3)," To' 

TpT!" '° P-o^otes 

a PI3-3cxnase/EPO-R interaction in primary neurons, BPO-R 

.0 complex was inununoprecipitated from cerebrocortical " 
culture lysates that were either untreated or treated 
wxth EPO for 5 or 10 minutes. Blots of the 

. ^unoprecipitated proteins were probed with antibody 
recognizing the p85 subunit of PI3-kinase (Figure 5A 
top) and e^al protein loading confined by probing'with 
antx-EPO-H antibody (Pi^.e SA, bottom). As shown L the 
Pxgure SB, brief incubation with EPO (5-10 minutes) 
promoted an association between' EPO-H and the p8S subunit 
Of PI3-)c.nase. However, in the absence of EPO, only very 

. low levels of the p8S/EPO-R complex were detected. ThesT 
results demonstrate that ligand binding to neuronal EPO-R 
promotes the association of Pis-.^^^^e with this receptor 
and xndxcate that- this association can result in 

T^7Tr °' -3-.inase . (scheid and 

Woodgett, Nat. Rpm^ m^i reij r^^i - 

• ■ ' . 2:760-768 (2001)). 

Preparation of total cell extracts for 
xmmunoblotting or inununoprecipitation was performed 
essentially as follows. cultures were washed briefly in 

Trxs-Cl, 150 mM KaCl, l.x ^ pmsf, 10 ug/ml Aprotinin. 
1- Trxton X-lOO, pH 8.0, 2 mM Ortho- Vanadate, 0 1% 
deoxycholate), cells were scraped off the culture dishes 
Lysates were transferred to a microcentrifuge tube 
vortexed .for 15 seconds at 4oc, and cleared by 
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centrifugation for 20 minutes at 14,000 x g at 4oc. " 
Protein concentrations were determined using a BCAProtein 
assay kit (Pierce; Rockford, IL) . 

Inimunoblotting was performed as follows. Total 
5 protein (30 rag) was resolved on a 10% NuPage Bis-Tris SDS 
gel (Invitrogen; Carlsbad, California) with MOPS 
electrode buffer under reducing conditions and 
electroblotted onto a nitrocellulose membrane (Amersham; 
Piscataway, NJ) for three hours. Nonspecific binding wis 
10 blocked by incubation with 5% non-fat dry milk in 

Tris-buffered saline (pH 7.5) containing 0.1% Tween-20 
for onfe hour at room temperature. After blocking, the 
blots were incubated overnight at 4oc with the 
appropriate primary antibody diluted in blocking buffer. 
15 Anti-EPO-R was used at 1:200 dilution (R«a3; Minneapolis, 
MN), and anti-p85 was used at 1:400 dilution (Instate; 
Waltham, MA) . After the primary antibody incubations, 
membranes were washed in Tris buffered saline with 0.1% 
Tween-20 for 10 minutes with three changes and incubated 
20 with the secondary antibody conjugated with horseradish 
peroxidase (Vector Labs, 1:400) for one hour at room 
temperature and washed again in Tris buffered saline with 
• 0.1% Tween-2G. Blots were developed with an enhanced 
chemiluminescence kit obtained from Amersham and exposed 
25 to X-ray film. 

Immunoprecipi tat ions were performed using 
precleared whole-cell lysates, which were incubated with' 
2 pg of anti-EPO-R antibody (Cell Signaling Technologies; 
Beverly, MA) for one hour at room temperature, followed 
30 by addition of protein A/G-Sepharose beads (Santa Cruz 
Biotechnology; Santa Cruz, CA) . Immunoprecipitates were 
run on SDS gels as described above and probed with the 
appropriate antibody. For loading controls, blots were 
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stripped and reprobed with the indicated primary antibody 
and appropriate secondary antibody. 

EXAMPLE III 
BPO AND IGF- 1 COOPBPaTiP ir AOTTvaTT«» .^n. 



5 



This example demonstrates that the Akt kinase 
can be cooperatively activated by EPO and IGF- 1 in 
neuronal cells. 



Akt-kinase is activated downstream of 
PI3-kinase-Hnediated production of 3' phospholipids. • 
10 In response to production of phosphotidylinositol-3,4, 5- 
trisphosphate, Akt is phosphorylated at two critical ' 
sites: serine-473 and threonine-308 (Russell et al 
Suerofeiol^ 35:455-467 (1998); Scheid and Woodgett/ supra 
2001) . ' 

^° assess possible activation of the Akt 
kinase, cerebrocortical cultures were exposed to EPO or 
IGF- I for three hours and immunoblotted as described 
above using anti-phospho Akt (anti-pAkt) and anti.Akt 
antibodies from Cell Signaling Technologies at 1:2000 
20 dilution. A three hour incuba"tion with EPO or IGF-I 
. resulted in moderate Akt activation, as evidenced by • 
increased Eihospho-serine-473 Akt detected by western 
blotting (Figure 6A) . Co-incubation with EPO and IGF-I 
resulted in a much larger increase in phospho-serine-473 - 
25 Akt. Furthermore, a 20-minute exposure to NMDA reduced ' 
constitutive levels of Akt phosphorylation but did not 
inhibit the Akt phosphorylation mediated by EPO in 

combination with IGF-I To^al av*- j i. 

X. lotal Akt, measured by reprobing 

with an anti-Akt antibody, was unchanged either by the 
30 addition of EPO/IGF-I or NMDA. Taken together, these 
results indicate that phosphorylation of Akt on 
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serine-473 is synergist ically induced by the combination 
of EPO and IGP-I. 

As described above, rat cerebrocortical 
cultures contain a mixture of neuronal and glial cells. 
5 Double immunofluorescence labeling with 

anti-phosphorylated Akt {serine-473) and neuron-specific 
MAP2 antibodies demonstrated that Akt activation in 
response to EPO/IGF-I treatment occurred predominantly in 
neurons. In cerebrocortical cultures treated with EPO in 
10 combination with IGF-I and e^osed to NMDA, there was an 
increase in phospho-Akt labeling similar to that observed 
xn cultures treated with EPO/IGF-I alone. These results 
demonstrate that EPO and IGF-I synergize to produce 
activated Akt in neuronal cells. 

Double immunofluorescence staining for 
phosphorylated Akt and the neuron-specific marker ^fAP2 
was performed as follows. Cerebrocortical cells were 
fixed in ice-cold PBS containing 4% paraformaldehyde for 
10 minutes at 4oc, rinsed 3 times in PBS, and 
20 permeabilized in PBS containing 1% Tween-20 for 10 
minutes at room temperature. Phosphorylated Akt was 
detected by incubation with specific polyclonal 
antibodies (Cell Signaling Technologies) diluted 1:1000 
followed by detection with FITC- conjugated secondary 
25 antibody at 1.-125 dilution (Sigma; St. Louis. MO). 
Neurons were identified by using a primary antibody 
against MAP2 (Sigma) and a secondary antibody conjugated " 
to Texas-Red (Vector Labs.- Irvine, CA) . 
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EXAMPLE IV 

- THE AKT KTNASK CAJ^f PIAV . pnr., MEnT...T^» ^ 
NBUROPROTROTIVE KPPP Pts op vtvn AMD TCT-t 

I 

This example demonstrates that inhibition of 
5 Akt activity with a dominant negative form of Akt reduces 
the neuroprotective effects of EPO and IGF- I. 

The role of Akt in the EPO/IGF-I signaling 
pathway was analyzed using a dominant negative Akt 
construct (dn-Akt) in which a .critical phosphorylation 
10 site has been mutated (Fujio and Walsh, J. Biol Chem 
274:16349-16354 (1999)). Cerebrocortical cultures were 
infected with an adenoviral vector encoding dn-Akt (Fujio 
and Walsh, supra, 1999) and assayed for the effects of 
NMDA alone or in cultures also treated with EPO in 
15 combination with IGF-I. Parallel cerebrocortical 

cultures were infected with an adenoviral vector encoding 
wxld-type Akt (wt-Akt) as a control. As shown in 
Figure 7, infection for 36 hours with either dominant 
negative or wild type Akt had no significant effect on 
20 neuronal viability. Overexpression of wt-Akt also had no 
significant effect on N^^DA- induced apoptosis or 
EPO/lGF-l-mediated neuroprotection of cultures e^osed to 
NMDA. Furthermore, overexpression of dn-Akt did not 
affect neuronal apoptosis consequent to NMDA exposure 
25 However, cerebrocortical cultures expressing dn-Akt and 
incubated with EPO/IGF-I displayed significantly higher • 
levels Of NMDA-induced neuronal apoptosis in comparison " 
with uninfected cultures or cultures infected with wt-Akt 
(P < 0.01). Overexpression of wt-Akt abrogated the 
30 pro-apoptotic effects of dn-Akt expression when 
co-infected in a molar excess ratio of 2:1 
(wt-Akt :dn-Akt), indicating that the increased neuronal 
apoptosis seen in dn-Akt infected cells resulted from 
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specific expression of dn-Akt rather than a non-specific 
effect of protein overexpression. m sum, these results 
indicate that Akt phosphorylation and activation play a 
role in the neuroprotection mediated by the combination 
5 of EPO and IGF-I. 

Cultures were prepared and treated with NMDA, 
EPO, IGF-I, or EPO in combination with IGF-I, where 
indicated, as described above, and the percentage of 
. apoptotic neurons was determined by TUNEL in combination 
10 with morphology and MAP2- reactivity as described above. 
An adenoviral vector expressing hemagglutinin 
(HA) -tagged, nonphosphorylatable , dominant -negative 
mutant of Akt (Fujio and Walsh, supra, 1999) was obtained 
from Dr. K. Walsh. Infections were performed with a 
15 multiplicity of infection (MOI) of 10 and using HA-tagged 
wild type Akt as a control. After a four hour exposure 
to the adenovirus, primary neurons were incubated in 
filtered preconditioned medium for 24-36 hours before 
being used in experiments. Expression of the viral Akt 
20 constructs was confirmed by immunofluorescence labeling 
with monoclonal anti-HA antibody (1:100, Roche; Basel, 
Switzerland) . 
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EXAMPLE V 

EPO/IGF-I TREAT MENT DOES NOT PREVElilT NMDA- INDUCED 
CASPASE-3 ACTIVATION 

This example demonstrates that treatment with 
5 EPO in combination with IGF-I prevents NMDA-induced 
neurotoxicity in the presence of the active form of 
caspase-3, indicating that EPO/ IGF- 1 -mediated 
neuroprotection occurs downstream of caspase-3. 

In cerebrocortical cultures briefly exposed to 
10 an excitotoxic dose of NMDA, mitochondrial cytochrome c 
• is released, followed by activation of the intrinsic 
caspase pathway (Budd et al . , Proc. Natl. Acad. Sci . USA 
97:6161-6166 (2000); Yuan and Yankner, Nature 407:802-809 
(2000)) . Const i tut ively active Akt prevents activation 
15 of caspase- 9 and caspase-3 downstream of cytochrome c 
release (Zhou et al., supra, 2000), indicating that Akt 
is an important factor that regulates the intrinsic 
caspase cascade (see, also, Kermer et al., supra, 2000). 

The effect of EPO/IGF-I incxibation on caspase 
20 activation was analyzed in cerebrocortipal cells 

following NMDA insult. Cerebrocortical cultures were 
exposed to NMDA with or without co- administration of EPO 
in combination with IGF-I, and the cultures fixed 6, 12, 
16, or 48 hours following NMDA exposure. Caspase-3 
25 activation was assessed by immunodetection using an 

antibody recognizing only the active form of caspase-3. 
The results showed that many MAP2 labeled neurons 
expressed the active form of caspase-3 in. their condensed 
nuclei as early as 16 hours after NMDA exposure, and 
30 EPO/IGF-I treatment did not prevent initial activation of 
caspase-3 by NMDA. However, EPO- IGF- I treated neurons 
showed reduced immunoreactivity for active caspase-3 and 
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did not lose MAP2 labeling in their processes. Prolonged 
survival of the neurons" following treatment indicates 
that neuroprotection mediated by the condt>ination of epo 
and IGF-I occurs, at least in part, downstream of initial 
5 caspase-3 activation, which is typically associated with 
neuronal apoptosis within 16 hours of NMDA insult 
(Tenneti et al., supra, 1998, Budd et al., supra, 2000) . ' 

For these experiments, neuron-rich 
cerebrocortical cultures were continuously exposed to EPO 
10 and XOP-x (XO U/ml and 100 ng/ml, respectively) from the 
txme Of NMDA exposure (200 m for 20 minutes) until they 
. were fixed. Xmmunof luorescence assays were performed as 

described above, with neurons expressing active caspase-3 
. identified by double labeling with monoclonal anti-MAP2 
15 and a polyclonal antibody specific for the .cleaved form 
Of caspase-3 (Cell Signaling Technologies) using a l-ioo 
dilution. 



20 



25 



30 



In order to determine if prolonged 
neuroprotective effects are mediated by combined EPO and 
IGF-I treatment, the number of surviving cerebrocortical 
neurons was determined at various intervals after 
exposure to NMDA. The total number of viable MAP2 
positive cells was assayed to avoid the effects of 
secondary necrosis seen at longer survival times (Bonfoco 
et al., supra, 1995). As shown in Figure 8A, NMDA 
exposure alone resulted in a dramatic decrease in the 
number of surviving neurons. Combined application of ' EK, 
and IGF-I prevented neuronal cell death at 6, 12 I6 
and 48 hours after NMDA exposure. These results' 
demonstrate that EPO/IGF-I supports long-term neuronal 
survival after NMDA exposure to a greater extent than 
observed with either factor alone. 
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Primary cultures were prepared and incubated 
with NMDA .with or without EPO/IGF-I as described above. 
Neuronal survival was assayed as the total number of MAP2 
positive cells to avoid" the confounding effects of 
5 secondary necrosis, which can occur at later time points 
and obfuscate the number of apoptotic cells (Bonfoco et 
al., supra, 1995). 

In mixed cerebrocortical cultures, EPO is known 
to induce expression of XIAP and c-IAP. two related 
10 factors capable of inhibiting caspase-.3 proteolytic 
activity (Digicaylioglu and Lipton, supra, 2001; and 
Holcik and Korneluk, Nat. Rev Mn l . cell. RSr^l 2:550-556 
(2001)).. Here, cerebrocortical cultures were analyzed 
• for the effect of combined EPO and IGF- I treatment on 
15 association of XIAP and active caspase-3. Cultures were 
incubated with EPO, IGF- I and NMDA and, after 
immunoprecipitation of the active form of caspase-3. 
immunoprecipitates were probed for the presence of XIAP 
using western blotting. As shown in Figure SB, active 
20 caspase-3 was associated with XIAP in cultured neurons, 
and treatment with EPO and IGF-I increased the relative " 
amount of XIAP associated with active caspase-3. m 
particular, in cultures treated with EPO and IGF-I for 16 
hours, densitometric analysis revealed a 2.5 to 3-fold 
25 increase in the amount of XIAP bound to active caspase-3 
(see Figure BC) , although NMDA exposure alone also 
produced a modest increase in the amount of XIAP 
associated with active caspase-3. The presence of an 
active caspase-3/XIAP complex in neurons indicates that, 
30 following activation of caspase-3 by proteolytic 

cleavage, the active form can be negatively regulated by 
association with XIAP. 



To study the effect of combined EPO/igf-i 
treatment on proteolytic activity of caspase-3, protein 
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lysates were prepared from cerebrocortical cultures 16 
hours after NMDA exposure, and caspase-3 activity was 
assayed. using the fluorescent caspase-3 substrate, DEVD- 
7-amino-4-trifluoromethyl-coumarin (DEVD-AFC) . Figure SD 
shows that, despite the presence. of basal levels of XIAP 
in the lysates, NMDA exposure resulted in increased DEVD 
cleavage. Simultaneous application or 3 hour 
preincubation with EPO in combination with IGP-I 
diminished the NMDA-induced increase in caspase-3 -like 
activity by increased XIAP expression. Furthermore, the- 
reduction in caspase-3 activity was partially inhibited 
by infection with dn-Akt in cultures .preincubated with 
EPO and IGF- I (Figure 8D) . These results indicate that 
Akt can play a role in regulating the proteolytic 
15 activity of neuronal caspase-3. 

To perform these experiments, cerebrocortical 
cultures were exposed to NMDA, or EPO and IGF-1, or 
concurrently exposed to NMDA and EPO/IGF-I as described 
above. Immunoprecipitation of culture lysates was 

20 performed using precleared whole-cell lysates, incubated 
with a 1:100 dilution of antibody specifically 
recognizing the cleaved form of caspase-3 (Cell Signaling 
Technologies) for one hour at room temperature, - followed 
by addition of protein A/G-Sepharose beads and 

25 immunoprecipitation as described above. The 

immunoprecipitates were separated by electrophoresis and 
transferred to a nitrocellulose membrane, which was 
blotted with a 1:200 dilution of anti-XIAP antibody 
(Trevigen; Gaithersburg, MD) . 



30 



Caspase-3 (DEVD) cleavage assays were performed 
as described previously. Briefly, cerebrocortical 
cultures were lysed in cold buffer containing io% 
sucrose, 0.1% CHAPS, lOO mM HEPES (pH 7.5), and 10 mM 
dithiothreitol (DTT) . Cytoplasmic protein extracts (200 
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Ug) were incubated for 30 minutes at 37oC with 80 pM 
caspase-3 peptide substrate DEVD-AFC (Enzyme Systems 
Products; Livermore, CA) . Free fluorescent AFC released 
by caspase-3 activity was measured on a FluoroMax2 
5 fluorometer at 400 nin excitation and 505 nm emission. 

To determine if the prolonged survival afforded 
by combined EPO and IGP-I treatment was mediated by 
non-neuronal cells in the mixed cerebrocortical cultures, 
primary cultures were grown under conditions that inhibit 

10 growth of non-neuronal cells. As shown in Figure 8E, the 
relatively puxe neuronal cultures also were protected 
from NMDA-induced apoptosis by the combination of EPO and 
IGF- I treatment. These results indicate that 
non-neuronal cells are not required for the 

15 neuroprotective benefits of combined treatment with EPO 
and IGF- I. Taken together, these results demonstrate 
that combined EPO and IGF-I treatment promotes neuronal 
survival downstream of caspase-3 activation by a signal 
transduction pathway intrinsic to neurons. 



Relatively pure neuronal cultures were prepared 
from rat cortices in a similar manner as preparation of 
mixed neuronal/glial cultures but with the following 
modifications. Culture medium was replaced on the second 
day after plating with Neurobasal medium containing B27 
25 supplements (Life Technologies; Carlsbad, CA) . The 

cultures were then maintained for an additional 15 to 16 
days; the cultures were composed of greater than 95% ' 
neurons (Johnson et al . , J. Neurosci . 19:2996-3006 
(1999) ) . 



All journal article, reference and patent 
citations provided above, in parentheses or otherwise, 
whether previously stated or not, are incorporated herein 
by reference in their entirety. 



wo 03/103608 

PCT/US03/18645 

91 

Although the invention has been described with 
reference -to the examples provided above, it should be 
understood that various modifications can be made without 
departing from the spirit of the invention. Accordingly, 
5 the invention is limited only by the claims. 
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We claim: 



10 



1. A method of providing acute 
neuroprotection, comprising: 

(a) contacting neuronal cells with 
erythropoietin (EPO) or an active fragment or analog 
thereof close to or subsequent to the time of excitatory 
insult; and 

(b) contacting- said neuronal cells with an 
insulin-like growth factor (IGF) or an active fragment or 
analog thereof close to or subsequent to the time of 
excitatory insult, 

thereby producing a synergistic acute 
neuroprotective effect in said neuronal cells. 

.2. The method of claim 1, wherein step (a) 
15 comprises contacting said neuronal cells with EPO or an 
active fragment thereof. 

3. The method of claim 2. wherein said EPO is 
human EPO or an active fragment thereof. . 

4. The method of claim 3, comprising 
20 contacting said neuronal cells with human EPO. 

5. The method of claim 1, wherein step (a) 
comprises contacting said neuronal cells with an EPO 
analog. 
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6. The method of claim 5, wherein said EPO 
analog xs selected from the group consisting of 
GGTYSCHPGPLTWVCKPQGG (SEQ ID NO: 7) ; 

GGDYHCRMGPLTWVCKPLGG (SEQ ID NO: 8) ; 
5 GGVYACRMGPITWVCSPLGG (SEQ ID NO: 9) ; 

VGNYMCHPGPITWVCRPGGG (SEQ ID NO: 10); 
GGLYLCRPGPVTWDCGYRtSG (SEQ ID NO: 11); and 
GGCRIGPITWVCGG (SEQ ID NO: 12) . 

/ . "'^'^^^ °f -l-i" 5, wherein said EPO 

10 analog is a peptidomimetic. 

8. The method of claim 5, wherein said EPO 
analog is a small molecule. 

9. The method of claim 1, wherein said EPO or 
active fragment or analog thereof has at least 10-fold 

IS higher affinity for the EPO receptor than native human 



activ . ^"^^ °' ^^^^"^ ^' -^-ein said EPO or 

. active fragment or analog thereof is oligomeric. 

, ' , . "^^^ "'^thod of claim 10, wherein said 

20 Oligomeric EPO or active fragment or analog thereof is 

12. The method of claim 11, wherein said 
dimeric EPO or active fragment or analog thereof 

comprises dimeric GGTYSQIPSPLIhvckpqgg (EMPl) (SEQ ID 
25 NO: 7) . ^ 



• The method of d^im i 
^. ^ "a or Claim 1, wherein said EPO or 

.cnve fragment or analog thereof has a half-ute greater 
tnan native human EPO. 
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14. The method of claim 1. wherein said EPO or 
active fragment or analog thereof is hyper-glycosylated 
compared to native human EPO. 

15. The method of claim 14, wherein step (a) 
5 comprises contacting said neuronal cells with 

Darbepoietin. ■ 



16. The method of claim 1, further comprising 
contacting said neuronal cells with soluble EPO receptor. 

17. The method of claim 1, wherein step (b) . 
10 comprises contacting said neuronal cells with an IGF or 

an active fragment thereof. 



18. The method of claim 17, wherein said IGF 
or active fragment thereof is IGF-I or an active fragment 
thereof . 



"^^^ method of claim 18, wherein said IGP-I 
is human IGF-I or an active fragment thereof. 

20. The method of claim 19, comprising 
• contacting said neuronal cells with human IGF-I. 

21. The method of claim 1. wherein step (b) 
20 comprises contacting said neuronal cells with an IGF 

analog . 

22. The method of claim 21, wherein said IGF 
analog is a peptidomimetic . 



23. The method of claim 21, wherein said IGF 
25 analog is a small molecule. 
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24. The method of claim 21, wherein said IGP 
analog is an IGP- I analog. 

25. The method of claim 1, wherein said igf or 
active fragment or analog thereof has at least 10-fold 

5 higher affinity for the IGF-I receptor than native human 
IGF-I . 

26. The method of claim 1. wherein said IGF or 
active fragment or analog thereof has an altered affinity 
for an IGF-binding protein (IBP) . 



10 



15 



27. The method of claim 1, wherein said IGF or 
active fragment or analog thereof has a half-life greater 
than native human IGP, 

28. The method of claim 1, wherein step (a) 
and step (b) are in vitro. 

29. The method of claim 1. wherein step (a) 
and step (b) are in vivo. 



30. A method of preventing or reducing the 
•severity of an acute neurologic condi-tion in a- subject, 
comprising: 

^° administering to said subject EPO or an 

active fragment or analog thereof close to or subsequent 
to the time of acute injury; and 

(b) administering to said subject an IGF or an 
active fragment or analog thereof close to or subsequent 
25 to the time of acute injury, 

thereby providing a synergistic acute 
neuroprotective effect and preventing or reducing the 
severity of the acute neurologic condition. 
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31. The method of claim 30, wherein said acute 
neurologic condition is stroke. 



32. The method of claim 30, wherein said acute 
neurologic condition is head or spinal cord trauma. 

5 33. The method of claim 30, wherein said acute 

neurologic condition is seizure. 

34. The method of claim 30, wherein step (a) 
comprises administering EPO or an active f ragment 
thereof . 

^ The method of claim 34, wherein said EPO 

is hximan EPO or an active fragment . thereof . 

36. The method of claim. 35, comprising 
administering human EPO. 



37. The method of claim 30, wherein step (a) 
15 comprises administering an EPO analog. 

38. The method of claim 37, wherein said EPO 
- analog is selected from the group consisting of 

GGTYSCHFGPLTWVCKPQGG (SEQ ID NO: 7); 

GGDYHCRMGPLTWVCKPLGG {SEQ ID NO: 8) ; 

20 GGVYACRMGPITWVCSPLGG (SEQ ID NO: 9) ; 

VGNYMCHFGPITWVCRPGGG (SEQ ID NO: 10) ; 

GGLYLCRFGPVTWDCGYKGG (SEQ ID NO: 11) ; and ' 
GGCRIGPITWVCGG (SEQ ID NO: 12). 

39. The method of claim 37, wherein said EPO 
25 analog is a peptidomimetic. 



analog 



is 



40. The method of claim 37, wherein said EPO 
a small molecule. 
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41. The method of claim 30, wherein said EPO 
or active fragment or analog thereof has at least 10-fold 
higher affinity for the EPO receptor than native human 
EPO. 



5 42. The method of claim 30, wherein said EPO 

or active fragment or analog thereof is oligomeric! 

43. The method of claim 42, wherein said 
oligomeric EPO or active fragment or analog thereof is 
dimeric- 

. The method of claim 43, wherein said 

dimeric EPO or active fragment or analog thereof 
comprises dimeric GGTYSOIFGPLTWVCKPQGG (SEQ ID NO: 7) . 

45. The method of claim 30, wherein said EPO 
or active fragment or analog thereof has a half-life 

15 greater than native human EPO. 

46. The method of claim 30, wherein said EPO 
or active fragment or analog thereof is 
hyper-glycosylated compared to native human EPO. 

47. .The method of claim 30, wherein step (a) 
20 comprises administering Darbepoietin. 

48. The method of claim 30, further comprising 
administering soluble EPO receptor. 

49. The method of claim 30, wherein step (b) 
comprises administering an IGF or an active fragment 

25 thereof. 



50. The method of claim 49, wherein said IGF 
is IGF- 1 or an active fragment thereof. 
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51. The method of claim 50, wherein said IGF-I 
is human IGF-I or an active fragment thereof. 



52. The method of claim 50, wherein said IGF-I 
is human IGF-I. 

5 53. The method of claim 30, wherein. step (b) 

comprises administering an IGF analog. 

54. The method of claim 53, wherein said IGF 
analog is a peptidomimetic. 

55. The method of claim 53, wherein said IGF 
10 analog is a small molecule. 

56. The method of claim 53, wherein said IGF 
analog is an IGF-I analog. 

57. The method of claim 30, wherein said IGF 

or active fragment or analog thereof has at least 10 -fold 

15 higher affinity, for the IGF-I receptor than native human 
IGF-I. 

58. The method of claim 30, wherein said IGF 
or active fragment or analog thereof has an altered 
affinity for an IGF-binding protein (IBP) . 



59. The method of claim 30, wherein said IGF 
or active fragment or analog thereof has a half-life ' 
greater than native human IGF. 
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60. 



A method of preventing or reducing the 
severity of a neurologic condition in a subject, 
con^rising: 

(a) administering to said subject EPO or an 
5 active fragment or analog thereof at a dose of at 

most 2000 U/kg; and 

(b) administering to said subject an IGF or an 
active fragment or analog thereof, 

thereby providing neuroprotection and 
10 preventing or reducing the severity of the neurologic 
condition. 

61. The method of claim 60, wherein said 
neurologic condition is selected from the group 
consisting of Alzheimer's disease, Parkinson's disease 
15 Huntington's disease, epilepsy, amyotrophic lateral 
sclerosis, multiple sclerosis, a movement disorder. 
HIV-associated dementia, HIV-associated neuropathy,' 
neuropathic pain, migraine, glaucoma, drug addiction 
drug withdrawal, drug dependency, depression and anxiety 



25 



62. The method of claim 60. wherein step (a) 
comprises administering EPO or an active fragment 
•thereof . 



63. The method of claim 62, wherein said EPO 
is human EPO or an active fragment thereof. 

64. The method of claim 63, comprising 
administering human EPO. 



65. The method of claim 60, wherein step (a) 
comprises administering an EPO analog. 
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66. The method of claim 65, wherein said EPO 
analog is -selected from the group consisting of 
GGTYSGHPGPLTWVCKPQGG (SEQ ID NO: 7) ; 

GGDYHCRMGPLTWVCKPLGG (SEQ ID NO; 8) ; 
5 C3GVYACRMGPITWVCSPLGG (SEQ ID NO: 9) ; 

VGNYMCHFGPITWCRPGGG (SEQ ID NO: 10) ; 

GGLYLC3lFGPVTWDCGyKGG (SEQ ID NO: 11) ; and 

GG5CRIGPITWVCGG (SEQ ID NO: 12) . 

67. The method of claim 65, wherein said EPO 
10 analog is a peptidomimetic. 

68. The method of claim 65. wherein said EPO 
analog is a small molecule. 



69. The method of claim 60, wherein said EPO 
or active fragment or analog thereof has at least 10-fold 

EPO. 



3...^... aiiaxog cnereof has at least 10-fc 
15 higher affinity for the EPO redeptor than native human 



70. The method of claim 60, wherein said EPO 
or active fragment or analog thereof is oligomeric. 

71. The method of claim 70, wherein said 

20 oligomeric EPO or active fragment or analog thereof is 
dimeric . 

72. The method of claim 71. wherein said 
dimeric EPO or active fragment or analog thereof 
comprises dimeric GGTYSOIFSPLTWVCKPQGG (SEQ ID NO: 7) 

°f claim 60, wherein said EPO 
or active fragment or analog thereof has a half-life 
greater than native human EPO. 
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74. The method of claim 60, wherein said EPO 
or active -fragment or analog- thereof is 
hyper-glycosylated compared to native human EPO. 



75. The method of claim 74, wherein step (a) 
5 comprises administering Darbepoietin. 

76. The method of claim 60, further con^rising 
administering soluble EPO receptor. 

77. The method of claim 60, wherein step (b) 
comprises administering an IGF or an active fragment 

10 thereof. 

78. The method of claim 77, wherein said IGF 
is IGF-I or an active fragment thereof. 

79. The method of claim 78, wherein said IGF-I 
is human IGF-I or an active fragment thereof. 

SO. The method of claim 79, wherein said IGF-I 
is human IGF-I. 

81. The method of claim 60, wherein step (b) 
con^rises administering an IGF analog. 

82. The method of claim 81, wherein said IGF 
20 analog is a peptidoraimetic . 

83. The method of claim 81, wherein said IGF 
analog is a small molecule. 



84. The method of claim 81, wherein said IGF 
analog is an IGF-I analog. 
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85. The method of claim 60, wherein said IGF 
or active -fragment or analog thereof has at least 10-fold 
higher affinity, for the IGF-I receptor than native human 
IGF- I. 



5 86. The method of claim 60, wherein said IGF 

or active fragment or analog thereof has an altered 
affinity for an IGF-binding protein (IBP) . 

87. The method of claim 60, wherein said IGF 
or active fragment or analog thereof has a half-life 

10 greater than native human IGF. 

88. A method of preventing or reducing the 
severity of a cerebral neurologic condition in a subject, 
comprising: 

(a) transnasally administering to said subject 
15 EPO or an active fragment or analog thereof at a dose of 

at most 2000 U/kg; and 

(b) transnasally administering to said subject 
an IGF or an active fragment or analog thereof, 

thereby providing acute neuroprotection and 
preventing or reducing the severity of the cerebral 
neurologic condition. 



20 



89. A method of differentiating neuronal 
precursor cells to produce an enriched neuronal cell 
population, comprising 

contacting the neuronal precursor cells 
with EPO or an active fragment or analog thereof; and 

(b) contacting the neuronal precursor cells 
with IGF or an. active fragment or analog thereof, thereby 
differentiating the neuronal precursor cells to produce 
30 an enriched cell population containing at least 70% 
neurons , 
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90, The method of claim 89, which produces an 
enriched cell population containing at least 80% neurons. 

91. The method of claim 89, which produces an 
enriched cell population containing at least 90% neurons. 

5 92. The method of claim 89, further comprising 

transplanting said cells into a subject. 

93. The method of claim 92, wherein said cells 
are transplanted into a tissue or organ selected from the 
group consisting of brain, eye and spinal . cord.. 

10 94. A method of preventing or reducing the 

severity of a neurologic condition in a subject, 
comprising intranasally administering to said subject EPO 
or an active fragment or analog thereof, thereby 
preventing or reducing the severity of the neurologic 

15 condition. 

95. The method of claim 94, wherein said EPO 
or an active fragment or analog thereof is administered 
at a dose of at most 2000 U/kg. 

96. The method of claim 94, comprising 
20 administering EPO or an active fragment thereof, 

97. The method of claim 96, wherein said EPO. 
is human EPO or an active fragment thereof. 

98- The method of claim 91, comprising 
administering human EPO. 



25 99. The method of claim 94, comprising 

administering an EPO analog. 
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•100. The method of claim 99, wherein said EPO 
analog is selected from the group consisting of 
GGTYSCHFGPLTWVCKPQGG (SEQ ID NO: 7) ; 

GGDYHCRMGPLTWVCKPLGG (SEQ ID NO: 8) ; 
GGVYACRMGPITWVCSPLGG (SEQ ID NO: 9) ; 
VGNYMCHFGPITWVCRPGGG (SEQ ID NO: 10) ; 
GGLYLCRPGPVTWDCGYKGG (SEQ ID NO: 11 >; and 
GGCRIGPITWVCGG (SEQ ID NO: 12) . 

101. The method of claim 99, wherein said EPO 
analog is a peptidomimetic. 

102. The method of claim 99, wherein said EPO 
analog is a small molecule. 

103. The method of claim 94, wherein said EPO 

or active fragment or analog thereof has at least 10-fold 

15 higher affinity for the EPO receptor than native human 
EPO. 



10 



104. The method of claim 94, wherein said EPO 
or active fragment or analog thereof is oligomeric. 

105. The method of claim 104, wherein said 
20 oligomeric EPO or active fragment or analog thereof is 

dimeric . 

106. The method of claim 105, wherein said' 
dimeric EPO or active fragment or analog thereof 
comprises dimeric GGTYS CHFGPLTWVrK Pnryi (sEQ ID NO: 7) . 

method of claim 94, wherein said EPO 
or active fragment or analog thereof has a half-life 
greater than native huracin EPO. 
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108. The method of claim 94, wherein said EPO 
or active fragment or analog thereof is 
hyper-glycosylated compared to native human EPO. 

109. The method of claim 94, comprising 
5 administering Darbepoietin . 

110. The method of claim 94, further 
comprising administering soluble EPO receptor. 

111. The method of claim 94, wherein said 
neurologic condition is an acute neurologic condition. 

^° ^^2. The method of claim 94, wherein said 

neurologic condition is a chronic neurologic condition. 

113. The method of claim 94, wherein said 
neurologic condition is selected from the group ^ 
consisting of stroke, head or spinal cord trauma, 

15 Alzheimer's disease, Parkinson's disease, Huntington's, 
disease, epilepsy, amyotrophic lateral sclerosis, 
multiple sclerosis, a movement disorder, dementia, 
Hiv-associated dementia, fronto- temporal dementia,' 
HIV-associated neuropathy, chronic pain, neuropathic 

20 pain, migraine, glaucoma, drug addiction, drug 

withdrawal,, drug dependency, depression and anxiety. 
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1 
61 
121 
181 
241 
301 
361 
421 
481 
541 
601 
661 
721 
781 
841 
901 
961 
1021 
1081 
1141 
1201 
1261 
1321 



cccggagccg 

ccgccctctc 

gcccccggtg 

gatgggggtg 

tctgggcctc 

gaggtacctc 

cagcttgaat 

gatggaggtc 

tgtcctgcgg 

gcatgtggat 

agcccagaag 

cactgctgac 

gaagctgtac 

ggcatatcca 

gaaccccgtc 

gcaatgacat 

tcacagggcc 

ggacagagcc 

aggacacgct 

tggagaactt 

crgtggcaaga 

gcctctggct 

aaaccaccaa 



gaccggggcc 

ctccaggccc 

tggtcacccg 

cacgaatgtc 

ccagtcctgg 

ttggaggcca 

gagaatatca 

gggcagcagg 

ggccaggccc 

aaagccgtca 

gaagccatct 

actttccgca 

acaggggagg 

ccacctccct 

gaggggctct 

ctcaggggcc 

aacttgaggg 

atgctgggaa 

ttggaggcga 

aggtggcaag 

gcccccttga 

ctcatggggt 

aaaaaaaaaa 



accgcgcccg 

gtggggctgg 

gcgcgcccca 

ctgcctggct 

gcgccccacc 

aggaggccga 

ctgtcccaga 

ccgtagaagt 

tgttggtcaa 

gtggccttcg 

cccctccaga 

aactcttccg 

cctgcaggac 

caccaacatt 

cagctcagcg 

agaggaactg 

cccagagcag 

gacgcctgag 

tttacctgtt 

ctgtgacttc 

caccggggtg 

ccaagttttg 

aa 



ctctgctccg 

ccctgcaccg 

ggtcgctgag 

gtggcttctc 

acgcctcatc 

gaatatcacg 

caccaaagtt 

ctggcagggc 

ctcttcccag 

cagcctcacc 

tgcggcctca 

agtctactcc 

aggggacaga 

gcttgtgcca 

ccagcctgtc 

tccagagagc 

gaagcattca 

ctcactcggc 

ttcgcaccta 

tccaggtctc 

gtgggaacca 

tgtattcttc 



acaccgcgcc 

ccgagcttcc 

ggaccccggc 

ctgtccctgc 

tgtgacagcc 

acgggctgtg 

aatttctatg 

ctggccctgc 

ccgtgggagc 

actctgcttc 

gctgctccac 

aatttcctcc 

tgaccaggtg 

caccctcccc 

ccatggacac 

aactctgaga 

gagagcagct 

accctgcaaa 

ccatcaggga 

acgggcatgg 

tgaagacagg 

aacctcattg 



ccctggacag 

cgggatgagg 

caggcgcgga 

tgtcgctccc 

gagtcctgga 

ctgaacactg 

cctggaagag 

tgtcggaagc 

ccctgcagct 

gggctctgcg 

tccgaacaat 

ggggaaagct 

tgtccacctg 

cgccactcct 

tccagtgcca 

tctaaggatg 

ttaaactcag 

atttgatgcc 

caggatgacc 

gcactccctt 

atgggggctg 

acaagaactg 



B 

MGVHECPAWLWLLLSLLSLPLGLPVLGAPPRLICDSRVLERYLL 
EAKEAENITTGCAEHCSLNENITVPDTKVNFYAWKRMEVGQQAVEVWQGLALLSEAVL 

rgqallwssqpweplqlhvdkavsglrslttllralraqkeaisppdSapS 

TADTFRKLFRVYSNFLRGKLKLYTGEACRTGDR U'^^^f i^OAASAAPLRTI 



c 

APPRLICDSRVLERYLL 

EAKEAENITTGCAEHCSLNENITVPDTKVNFYAWKRMEVGQQAVEVWQGLALLSEAVL 

RGQALLVNSSQPWEPLQLHVDKAVSGLRSLTTLLRALRAQKBAISPPDAASAAPLRTl 
TADTFRKLFRVYSNFLRGKLKLYTGEACRTGDR i=>f fUAASAAPLRTI 



FIGURE 1 



wo 03/103608 



2/10 



PCT/US03/1864S 



1 cttcagaagc aatgggaaaa atcagcagtc 
121 taS^^"^^^ gaaggtgaag atgcLaLa 
18? J^""^ caccttcacc agctctgcca 

181 agctggtgga tgctcttcag ttcgtgtgtg 
241 cagggtatgg ctccagcagt cggagggcgc 
301 tccggagctg tgatctaagg aggc?ggaga 
421 tgtccgtgcc ca|cgccaca 

481 cgcaagtaga gggagtgcag 

ill ^^f*=^gagga gtgaagagtg acatgccacc 
541 gttaaacttt ggaacaccta ccaalaaata 
601 cccccaatga aatacacaag taaacattcc 
izl Sa^r ^^'^^^^^^^^ ggtagattgc 



ttccaaccca 
tgtcctcctc 
cggctggacc 
gagacagggg 
ctcagacagg 
tgtattgcgc 
ccgacatgcc 
gaaacaagaa 
gcaggatcct 
agtttgataa 
aacattgtct 
tgttgatctt 



attatttaag tgctgctttt 
gcatctcttc tacctggcgc 
ggagacgctc tgcggggctg 
cttttatttc aacaagccca 
tatcgtggat gagtgctgct 
acccctcaag cctgccaagt 
caagacccag aaggaagtac 
ctacaggatg taggaagacc 
ttgctctgca cgagttacct 
catttaaaag atgggcgttt • 
ttaggagtga tttgcacctt 
ttatcaataa tgttctatag 



B 
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FIGURE 8 
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SEQUENCS LISTING 

<110> The Bumham Institute 
Digicaylioglu^ Murat 
Lip ton, Stuart A. 

<120> Neuroprotective Synergy of 

Erythropoietin and Insulin-Like Growth Factors 



<130> 66821-216 

<150> US 60/388^058 
<151> 2002-06-11 

<150> US 60/458,145 
<151> 2003-03-26 

<160> 20 

<170> FastSEQ for Windows Version 4.0 

<210> 1 

<211> 1342 

<212> DNA 

<213> Homo sapiens 

<220> 
<221> CDS 

<222> (182) . . . (763) 
<400> 1 

cccggagccg gaccggggcc accgcgcccg ctctgctccg acaccgcgcc ccctggacag 60 
ccgccctctc ctccaggccc gtggggctgg ccctgcaccg ccgagcttcc cgggatgagg .120 
gcccccggtg tggtcacccg gcgcgcccca ggtcgctgag ggaccccggc caggcgcgga 180 
g atg ggg gtg cac gaa tgt cct gcc tgg ctg tgg ctt etc ctg tec ctg 229 
Met Gly Val His Glu Cys Pro Ala Trp Leu Trp Leu Leu Leu Ser Leu 
^5 10 15 

ctg teg etc cct ctg ggc etc eca gtc ctg ggc gcc cca cca cgc etc 277 
Leu Ser Leu Pro Leu Gly Leu Pro Val Leu Gly Ala Pro Pro Arg Leu 
20 25 30 

ate tgt gac age cga gtc ctg gag agg tac etc ttg gag gee aag gag 325 
He Cys Asp Ser Arg Val Leu Glu Arg Tyr Leu Leu Glu Ala Lys Glu 
35 40 45 

gcc gag aat ate aeg aeg ggc tgt get gaa cac tge age ttg aat gag 373 
Ala Glu Asn He Thr Thr Gly Cys Ala Glu His Cys Ser Leu Asn Glu 
50 55 60 

aat ate act gtc cca gac ace aaa gtt aat tte tat gcc tgg aag agg 421 
Asn He Thr Val Pro Asp Thr Lys Val Asn Phe Tyr Ala Trp Lys Ara 
« 70 75 BO 



- 1 - 
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atg gag gtc ggg cag cag gcc gta gaa gtc tgg cag ggc ctg <rcc eta 4cq 
Met Glu val Gly Gin Gin Ala Val Glu Val ^ Gin Sy Le! Sa J2 
85 90 • 95 

rl^ ^^"^ ""^^ ""^^ ^^"^ gcc ctg ttg gtc aac tct tec 517 

I^u ser Glu Ala Val Leu Arg Gly Gin Ala Leu Leu Val Asn Ser Ser 

105 

''''^ '^''^ '^^^ ^'=9 gat aaa gcc gtc agt ggc 565 
Gin Pro Trp Glu Pro Leu Gin Leu His Val Asp Lys Ala Val Ser ^y 

120 

ctt cgc age etc ace act ctg ctt egg get ctg cga gcc cag aag gaa 613 
Leu Arg Ser Leu Thr Thr Leu Leu Arg Ala Leu Arg Ala Gin Lys ?iu 
130 135 140 



661 



gcc ate tec cct cca gat gcg gcc tea get get cea etc cga aca ate 
Ala He Ser Pro Pro Asp Ala Ala Ser Ala Ala Pro Leu Arg Thr He 

150 155 

act get gac act ttc cgc aaa etc ttc cga gtc tac tec aat ttc etc 709 
Thr Ala Asp Thr Phe Arg Lys Leu Phe Arg Val Tyr Ser Asn Phe Leu 
165 170 

egg gga aag ctg aag ctg tac aca ggg gag gcc tgc agg aca ggg gac 757 
Arg Gly Lys Leu Lys Leu Tyr Thr Gly Glu Ala Cys Arg Thr III Lp 

185 190 

aga tga ccaggtgtgt ccacctgggc atatccacca ectccotcac caacattgct 813 



lfr.ftt f cactcctgaa cecegtcgag gggctctcag ctcagcgcca 873 
laaafSr^ tggacactec agtgecagea atgacatcte aggggccaga ggaactgtce 933 
agagagcaac tetgagatct aaggatgtca eagggccaae ttgagggecc agagcaggaa 993 
lltlT^"^ ageagcttta aactcaggga eagagceatg ctgggaagae gccigalctc 1053 
actcggcaec ctgeaaaatt tgatgeeagg acaegetttg gaggegattt acetgttttc 1113 
fr^T*'''* tcagggacag gatgacetgg agaacttagg tggcaagctg tgacttctcc 1173 
aggtctcacg ggeatgggea ctcccttggt ggcaagagcc cccttgacac eggggtggtq 1233 
ggaaccatga agacaggatg ggggctggcc tetggctcte atggggtcca 3tt?tSgt 1293 
attcttcaac ctcattgaca agaactgaaa ccaecaaaaa aaaaaLaa 

<210> 2 
<211> 193 
<212> PRT 

<213> Homo sapiens 
<400> 2 

Met Gly Val His Glu Cys Pro Ala Trp Leu Trp Leu Leu Leu Ser Leu 

15 10 15 

Leu Ser Leu Pro Leu Gly Leu Pro Val Leu Gly Ala Pro Pro Arg Leu 

20 25 30 

He cys Asp Ser Arg Val Leu Glu Arg Tyr Leu Leu Glu Ala Lys Glu 
35 40 45 



- 2 - 



wo 03/103608 „^„,o^ 

PCT/US03/18645 

Ala Glu Aan He Thr Thr Gly Cys Ala Glu His Cys Ser Leu Asn Glu 

Asn He Thr Val Pro Asp Hir Lys Val Asn Phe Tyr Ala Trp Lys Arg 

75 80 
Met Glu val Gly Gin Gin Ala Val Glu Val Trp Gin Gly Leu Ala Leu 

85 90 95 

l^u Ser Glu Ala Val Leu Arg Gly Gin Ala Leu Leu Val Asn Ser Ser 

100 105 
Gin Pro Trp Glu Pro Leu Gin Leu His Val Asp Lys Ala Val Ser Gly 

115 120 125 

I^u Arg Ser Leu Thr Thr Leu Leu Arg Ala Leu Arg Ala Gin Lys Glu 

Ala He Ser Pro Pro Asp Ala Ala Ser Ala Ala Pro Leu Arg Thr He 

150 155 ig/j 

Thr Ala Asp Thr Phe Arg Lys Leu Phe Arg Val Tyr Ser Asn Phe Leu 

165 170 j^75 

Arg Gly Lys Leu Lys Leu Tyr Thr Gly Glu Ala Cys Arg Thr Gly Asp 



<210> 3 

<211> 166 

<212> PRT 

<213> Homo sapiens 

<400> 3 

Ala Pro Pro Arg Leu He Cys Asp Ser Arg Val Leu Glu Arg Tyr Leu 

^ 10 15 

Leu Glu Ala Lys Glu Ala Glu Asn He Thr Thr Gly Cys Ala Glu His 
^ ^° 25 30 

cys Ser Leu Asn Glu Asn He Thr Val Pro Asp Thr Lys Val Asn Phe 

35 40 45 

Tyr Ala Trp Lys Arg Met Glu Val Gly Gin Gin Ala Val Glu Val Tro 

^° 55 60 

Gin Gly Leu Ala Leu Leu Ser Glu Ala Val Leu Arg Gly Gin Ala Leu 

Leu Val Asn Ser Ser Gin Pro Trp Glu Pro Leu Gin Leu His Val l^n 

85 90 95 

Lys Ala val Ser Gly Leu Arg Ser Leu Thr Thr Leu Leu Arg Ala Leu 

100 105 110 

Arg Ala Gin Lys Glu Ala He Ser Pro Pro Asp Ala Ala Ser Ala Ala 

115 120 125 

Pro Leu Arg Thr He Thr Ala Asp Thr Phe Arg Lys Leu Phe Arg Val 

130 135 140 

IVr Ser Asn Phe Leu Arg Gly Lys Leu Lys Leu Tyr Thr Gly Glu Ala 

i 155 160 

Cys Arg Thr Gly Asp Arg 

165 



<210> 4 
<211> 725 
<212> DNA 
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<213> Homo sapiens 

<220> 

<221> CDS 

<222> (12) . (473) 

<400> 4 

cttcagaagc a atg gga aaa ate age agt ett cea ace eaa tta ttt aag 
Met Gly Lys He Ser Ser Leu Pro Thr Gin Leu Phe Lvs 
^5 10 

Sl^ Ill T T"" ''t'' «tg tee tec 

Cys Cys Phe Cys Asp Phe Leu Lys val Lys Met His Thr Met Ser Ser 
15 20 25 

s!I m« f 11"" •^^'^ ^'^a ^''^ tte aee age tet 

ser Hxs Leu Phe Tyr Leu Ala Leu Cys Leu Leu Thr Phe Thr sS Ser 



50 



98 



146 



35 40 



45 



S« """^ ''^^'^ '=5*= 9«=t 9*9 ^tg gtg gat get 

Ala Thr Ala Gly Pro Glu Thr Leu Cys Gly Ala Glu Leu Sal Lp S 

^° 55 60 

t''^ IV ^"^^ 9ga gac agg ggc ttt tat ttc aae aag occ aea 
Leu Gin Phe Val Cys Gly Asp Arg Gly Phe Tyr Phe Asn ^ Pro 
65 70 75 

ggg tat ggc tee age agt egg agg gcg cet oag aca ggt ate qto aat 
Gly Tyr Gly Sar Ser Ser Arg Arg Ala Pro Gl^ Thr S 1^ Sp 



85 50 



gag tgc tgc ttc egg age tgt gat eta agg agg ctg gag ata tat to^ 
Glu cys cys Phe Arg Ser Cys Asp Leu Arg A^g Leu Glu ^ ^ 

100 



goa ccc etc aag cct gee aag tea get ege tot gte egt gee eaa eae 
Ala Pro Leu Lys Pro Ma Lys Ser Ala Arg Ser ?al ^ Sn ^ 

120 3^25 

cac acc gac atg ccc aag acc cag aag gaa gta cat ttg aag aac aca 
Hxs Thr ASP Met Pro Lys Thr Gin Lys Glu Val His Leu Lys ^n Ea 



135 



140 



agt aga ggg agt gca gga aac aag aac tac agg atg tag gaagaccctc 
ser Arg Gly Ser Ala Gly Asn Lys Asn Tyr Arg Met * 
145 



194 



242 



290 



338 



386 



•434 



483 



ctgaggagtg aagagtgaca tgccaccgca 
aaactttgga acacctacca aaaaataagt 
ccaatgaaat acacaagtaa acattccaac 
aaaatggtcc tggagttggt agattgctgt 
ag 

<210> 5 
<211> 153 



ggatcctttg ctctgcacga gttacctgtt 543 
ttgataacat ttaaaagatg ggcgtttccc 603 
attgtcttta ggagtgattt gcaccttgca 663 
tgatctttta tcaataatgt tctatagaaa 723 

725 
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<212> PRT 

<213> Homo sapiens 

<400> 5 

Met Gly Lys He Ser Ser I^u Pro Thr Gin Leu Phe Lys Cys Cys Phe 

10 

cys ASP Phe Lys Val Lys Met His Thr Met Ser Ser Ser S.s Leu 

Phe Tyr Leu Ala I.u Cys Leu Leu IL Phe Thr Ser Ser II Thr Ala 

40 

Oly Pro Glu Thr Leu Cys Gly Ala Glu Leu Val Asp ll'a Leu Gin Phe 

60 

val cys Gly Asp Arg Gly Phe Tyr Phe Asn Lys Pro Thr Gly Tyr Gly 

ser ser Ser Arg Arg Ma Pro Gin Thr Gly iL Val Asp Glu Cys ^Js 

SO 

Phe Arg Ser Cys Asp Leu Arg Arg Leu Glu Met Tyr Cys Ala Pro Leu 



105 



Lys Pro Ma Lys Ser Ala Arg Ser Val Arg Ala Gin Arg Ss Thr Asp 
_ - 120 lotz 

Met Pro Lys Thr Gin Lys. Glu Val His Leu Lys Asn Ala Ser Arg Gly 



Ser Ala Gly Asn hys Asn Tyr Arg Met 



<210> 6 

<21X> 70 

<212> PRT 

<213> Homo sapiens 



"5 



Gly Pro Glu Thr Leu Cys Gly Ala Glu Leu Val Asp Ala Leu Gin Phe 

10 

val cys Gly Asp Arg Gly Phe Tyr Phe Asn Lys Pro Thr Gly Gly 
ser ser Ser Arg Arg Ala Pro Gin Gly He Val Asp II cys Cys 

Phe Arg Ser Cys Asp Leu Arg l^g Leu Glu Met Tyr J^s Ala Pro Leu 

55 60 



Lys Pro Ala Lys Ser Ala 
^5 70 



<210'> 7 
<211> 20 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> synthetic construct 



<400> 7 

Gly Gly Thr Tyr Ser Cys Els Phe Gly Pro Leu «^ Trp Val Cys Lys 
5 10 15 ^ 
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Pro Gin Gljr Gly 
20 



<210> 8 
<211> 20 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> synthetic construct 
<400> 8 

Gly Gly Tyr cys Arsr Met Gly Pro Leu Thr val Cys i.ys 
Pro I,eu Gly Gly ^5 
20 



<210> 9 
<211> 20 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> synthetic craistruct 
<400> 9 



Oly Gly val Tyr Ma Oys Met: Oly Pro Xle Thr Trp Val Cys Ser 

10 

Pro Leu Gly Gly 3.5 



20 



<210> 10 
<211> 20 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> synthetic construct 



<400> 10 

val Gly Asn Tyr cys His Phe Gly Pro lie Thr Trp Val Cys Arg 
Pro Gly Gly Gly ^5 
20 



<210> 11 
<211> 20 
<212> PRT 

<213> Artificial Sequence 
<220> 
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<223> synthetic construct 

<400> 11 

Oly Gly Leu Tyr Leu Cys Arg Phe Gly Pro V.l rrp ^ cys Oly 

Tyr Iiys Gly Gly 15 
20 



<210> 12 
<211> 14 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> synthetic construct 



<400> 12 

Gly Gly cys Arg lie Gly Pro He Thr Trp Val Cys Gly Gly 
5 10 



<210> 13 
<211> 20 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> synthetic construct 



<400> 13 

Ma Ser Glu Glu Val Cys Trp P«, val Glu l^r Leu Cys Asa 

Met Trp Gly Arg ^5 
20 



<210> 14 
<211> 15 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> synthetic construct 



<400> 14 

Ala ser Glu Glu Val Cys Trp Pro Val Ala Glu Trp ryr Leu Cy. 



10 ^5 



<210> 15 
<211> 15 
<212> PRT 

<213> Artificial Sequence 
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<220> 

<223> synthetic construct 
<400> 15 

<»y 6ro M. cy. ,„ V.I Al> Tyrl«. ^ 

10 . ^5 

<210> 16 
<211> 14 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> synthetic construct 
<400> IS 

81« Clu V.1 Cy. p„ V.1 Ala T,, ^„ ^ ^ 

^ 10 

<210> 17 
<211> 13 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> synthetic construct 
<400> 17 

Glu val cys Trp Pro Val Ala Olu Trp Tyr I^u Cys Asn 
^ 10 

<210> 18 
<211> 11 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> synthetic construct 
<400> 18 

C^s Trp Pro Val Ala Glu Txp Tyr Leu Cys Asn 
^ 10 

<210> 19 
<211> 15 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> synthetic construct 
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<400> 19 

^ «a ^ 0^ ^ ^„ ^ ^ 



" IS 



<210> 20 
<211> 19 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> synthetic construct 



<400> 20 

- 0X„ V,X 01. ^ ^ I.U ^ ^ ^ 

Tyr Phe Gly 15 
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